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(54) OPTICAL DATA RECORDING MEDIUM, METHOD OF PRODUCING THE SAME AND METHOD 
OF REPRODUCING/ERASING RECORD 



(57) In a phase-change recording medium, a 
recording medium is provided with a barrier layer includ- 
ing Ge-N, Ge-N-O between a recording layer and a die- 
lectric protective layer in order to prevent a chemical 
reaction and an atom diffusion between the recording 
layer and the dielectric protective layer. A barrier mate- 
rial can be also applied to the protective layer itself. 
Thereby, it is possible to considerably suppress a reduc- 
tion of a reflectivity and a reduction of a signal amplitude 
due to the repeat of recording and erasing, such reduc- 
tions being observed in a conventional phase-change 
optical information recording medium, and thereby the 
number of overwriting times can be increased . 



Fig. 2 




a. 

LU 



Printed by XercK (UK) Business Services 
2.15.9/3.4 



EP 0 825 595 A1 



Description 



TECHNICAL FIELD 



The present invention relates to an optical information recording medium provided with an optically detectable infor- 
mation recording layer, the producing method thereof and a method of recording/erasing/reproducing information. 



BACKGROUND ART 



A recording material thin film layer comprising a metal thin film and an organic thin film is formed on a disc-shaped 
or a card-shaped substrate. A high energy beam focused on a micro light spot having a subrricron order diameter is 
irradiated onto the recording material layer, thereby a local variation is generated on recording material layer Thereby, 
such a technique that an information signal is stored is already well known. More specifically, when an optical magnetic 
material thin film and a phase change material thin film are used for a recording layer, it is easy to rewrite the signal 
Accordingly, this technique has been actively studied and developed. For exanple, in case of the optical magnetic 
recording medium, a difference of a rotating angle on a polarized surface of a reflected light generated due to the dif- 
ference of a magnetization state is used as the record. Furthermore, in case of the phase change recording medium 
an amount of a reflected light relative to a light having a specific wavelength in a crystalline state is different from that 
in an amorphous state, thereby the difference is used as the record. A laser output is modulated between a record level 
having a relatively higher power and an erasure level having a relatively lower power, and the modulated output is only 
irradiated on a recording medium. Thereby similarly to a magnetic disk, there is such a characteristic that the record 
erasure and the record of a new signal can be simultaneously performed (it is possible to overwrite the record) The 
information signal can be rewritten for a short time. 

Usually the optical magnetic recording medium and the phase change recording medium comprise, for example 
a multi-layer film shown in FIG. 1. That is, on a substrate 1 conprising a resin plate of a polycarbonate and PMMA 
(polymethyl-methatacrylate), a glass plate, or the like, usually a recording layer 3 having an optical absorption compris- 
ing the phase change material and the optical magnetic material inserted between protective layers 2 and 4 comprising 
a d.electric material is formed. Furthermore, a metallic reflecting layer 5 comprising an alloy of Au and Al for increasing 
an optical absorption efficiency on the recording layer 3 and for acting as a thermal diffusion layer is formed on the pro- 
tective layer 4. These layers are sequentially laminated by a sputtering method, a vacuum deposition method or the 
like. Furthermore, an overcoat layer 6 is formed on an uppermost layer in such a manner that a scratch and dusts are 
not attached to these layers. Usually, a laser beam is incident from a side of the substrate 1 . In many cases, a front sur- 
face of the substrate 1 is provided wfth a concave-convex groove track or a concave-convex pit sequence as guide 
means for guiding the laser beam to a predetermined position on the disk. 

A function of each layer and an concrete example of materials forming each layer are as follows. 
In case of the recording layer 3, when the phase change material is used, chalcogenite thin film whose base com- 
prises Te and Se, for example, a Ge-Sb-Te alloy thin film, a Ge-Sb-Te-Se alloy thin film, an In-Sb-Te alloy thin film an 
Ag-ln-Sb-Te alloy thin film, an In-Se alloy thin film, and the like are reported. In the medium using such phase change 
materials, the laser beam is irradiated, thereby the signal is recorded and reproduced. As already described, while the 
power of the laser beam is being modulated at a strong level and a weak level, the laser beam is irradiated onto a revolv- 
ing recording medium. A portion irradiated with the strong power is locally melt in an instant, thenceforth, the portion is 
quenched. Thereby the portion is amorphized. and the signal is recorded. Furthermore, at the portion irradiated with a 
relatively weak power, the amorphous-state portion is annealed, thereby the portion is crystallized, and the recorded 
signal is erased. In order to reproduce the signal, the power of the laser beam is reduced enough in such a manner that 
the recording film is not changed, and the laser beam is irradiated. At this time, a strength of the reflected light is 
detected, and whether the portion irradiated with the laser beam is in the crystalline state or the amorphous state is 
judged, thereby the signal is reproduced. 

The functions of the protective layers 2 and 4 conprising a dielectric material are. for exarrple. as follow: 

1) the recording layer is protected from an external mechanical damage; 

2) a thermal damage such as a roughness on the surface of the substrate, a break of the recording layer and an 
evaporation, etc. occurred due to repeatedly rewriting the signal are reduced, thereby a repetition of rewriting the 
signal can be increased ; 

3) an interference effect of a multipath reflection is used so that an optical change can be enhanced; 

4) an influence from an outside air is intercepted so that a chemical change can be prevented. 

As the material comprising the protective layer for satisfying the above objects, heretofore, an oxide such as SiOo 
Al 2 0 3 or the like, a nitride such as Si 3 N 4 , AIN or the like, an acid nitride such as Si-O-N or the like (for example, dis- 
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closed in Japanese Patent Application Laid-open No. 3-104038), a sulfide such as ZnS or the like, a carbide such as 
SIC or the like, or a mixed material such as ZnS-Si0 2 or the like (disclosed in Japanese Patent Application Laid-open 
No. 63-103453) is proposed, and one part of them is practically used. 

Two layers are provided to the protective layer, thereby the characteristic thereof can be enhanced. The example 

5 of the phase change recording medium is disclosed in Japanese Patent Application Laid-open No. 5-217211. That is, 
the dielectric layer comprising the nitride (SiN, AIN) and the carbide (SiC) is used at the side contacted to the optical 
recording layer as the protective layer of the optical recording layer including Ag, and ZnS or a compound including ZnS 
is used as the outer layer of the dielectric layer. The above SiN, SiC, AIN layer is used, thereby a combination of Ag 
included in the recording layer and S in the protective layer is prevented. As disclosed in Japanese Patent Application 

10 Laid-open No. 5-21 721 1 , a film thickness of the SiN, AIN, SiC layer is ranging from 5 nm to 50 nm. Furthermore, as dis- 
closed in Japanese Patent Application Laid-open No. 6-195747, the protective layer has two layers inserted between 
the recording layer and the substrate, where one layer contacted to the recording layer comprises Si 3 N 4 layer and the 
other layer contacted to the substrate comprises ZnS-Si0 2 layer, thereby two dielectric layers are formed. The Si 3 N 4 
layer facilitates a crystallization of the phase change material layer. 

15 The example of the optical magnetic recording medium is disclosed in Japanese Patent Application Laid-open No. 
4-219650. Here, the dielectric layer contacted to the substrate has two layers, and one layer contacted to the substrate 
is a silicon oxide film, thereby an addhesi veness of the substrate and the dielectric layer is enhanced. Furthermore, the 
other layer contacted to the recording layer comprises the compound of the carbide and the nitride, thereby it is possible 
to prevent a corrosion of the magnetic recording layer occurred due to that oxygen from the silicon oxide layer and water 

20 passing through the substrate are penetrated into the recording layer. As disclosed in Japanese Patent Application 
Laid-open No. 4-219650, preferably, the nitride comprises Sn-N, In-N, Zr-N, Cr-N, Al-N, Si-N, Ta-N, V-N, Nb-N, Mo-N 
and W-N, and the film thickness thereof is ranging from 1 0 nm to 20 nm. Furthermore, as disclosed in Japanese Patent 
Application Laid-open No. 4-321 948, in the same view of Japanese Patent Application Laid-open No. 4-21 9650, the die- 
lectric layer contacted to the substrate has two layers. Here, one layer near the substrate comprises one or more kind 

25 of oxide selected from a group of Si, Zr, Y Mg, Ti, Ta, Ca and At, thereby the adhesiveness of the dielectric layer and 
the substrate is enhanced. Furthermore, the other layer contacted to the optical magnetic recording film comprises the 
nitride layer comprising one or more kind of nitride selected from the group of Si, Zr, Y, Mg, Ti, Ta, Ca and Al, thereby it 
is suppressed that oxygen and water from the oxide layer are penetrated and diffused into the recording film layer. As 
disclosed in Japanese Patent Application Laid-open No. 4-321948, the film thickness of the nitride layer is ranging from 

30 50 nm to 200 nm. 

In general, the reflecting layer 5 comprises a metal such as Au, Al, Cr, Ni, Ag or the like and the alloy based upon 
these metals, and the reflecting layer 5 is disposed in such a manner that a radiation effect and an effective optical 
absorption of the recording thin film can be obtained. 

As described above, in general, a sputtering method, a vacuum deposition method or the like is used as the method 
35 of preparing the recording medium. Furthermore, a reactive sputtering method is teed so that the nitride can be con- 
tained in the thin film. 

For example, as the method of producing an ablation type write once medium, such a method that N is contained 
in the Te-containing recording layer by the reactive sputtering is disclosed in Japanese Patent Application Laid-open No. 
63-1 51 486. As disclosed in Japanese Patent Application Laid-open No. 63-151 486, a mixed gas of Ar and nitride is dis- 

40 charged relative to a telluric selenium alloy target. After the recording film containing tellurium, selenium and nitride on 
the substrate is formed by the reactive sputtering method, a nitrogen gas is introduced, and a nitrogen plasma is gen- 
erated, thereby a surface layer having a high nitrogen density than an inside of the recording layer is formed. The sur- 
face of the recording film is nitrided, thereby a weather-proof ness and a sensitivity are enhanced, and further a power 
tolerance is increased. The nitrogen density of the nitride layer is ranging from 2% to 10%, preferably, it is ranging from 

45 2% to 20%. Preferably, the thickness of the surface layer is ranging about from 1 nm to 10 nm. 

Furthermore, the example of the ablation type recording material is also disclosed in Japanese Patent Application 
Laid-open No. 63-63153. The target comprising a material containing Te and Se is sputtered in a nrtriding-oxide gas. a 
nitric dioxide gas or a gas containing a nitric dioxide, thereby the layer containing Te, Se and N is formed in the recording 
layer. 

so Furthermore, as disclosed in Japanese Patent Application Laid-open No. 4-78032, the surface of a metallic target 
is sputtered by Ar gas, and on the surface of the metallic element substrate is reacted with oxygen gas or nitrogen gas, 
thereby a metallic oxide film or a metallic nitride film is formed. 

Furthermore, although omitted in the drawings, in order that an oxidization of the optical information recording 
medium or an attachment of dusts, etc. is prevented, such a structure that the overcoat layer is placed on the metallic 
55 reflecting layer 5, such a structure that an ultraviolet curing resin is used as an adhesive so that a dummy substrate is 
laminated, or the like is proposed. 

However, it is known that the phase change optical recording medium has the following problems. That is, when the 
thin film comprising a material whose base is Te, Se, etc. containing Qe, Sb, In, etc. is used as the recording layer, and 
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!™t e «llHl h «ilii lm "T riSi , nfl ^ n J? XidS SyStem matSrial includin9 such as Si °2 representatively, the thin film compris- 
2 mS^T^ ,nC,U i nfl 38 ZnS re P resertative 'V- °r the thin film comprising a mixture system mate- 
out SSE StjS b S W6en 919 ^ 8 J£r° ,hin ,i,mS iS USed as *• protective *»■ a i"ad«tion is carried 
out Thereby the record and erasure of the information signal, and the like are repeated, thereby optical characteristics 

5 S^rS"*? ' ayer and ? Pr0teCt ' Ve ' ayer (SUCh 35 9 ref lectivit * an A and the lite) £S£KS5 
ingly, such a phenomenon that a recording characteristic or an erasure characteristic is changed. That is the sionaHs 

,he ^ ^ reflectance of the medium is reduced, an amplitude of the sig'nai is graLfy Xed 

L~ Til £ mB f Bd P ° l f ltl0 " Of 3 reC0,din9 becomes ^8*. ther *y an error rate of the receding signa 
becomes higher. Therefore, when the signal is reproduced, a readout error is occurred. Accordingly there is such a 
to problem that a possible times of rewriting is limited. "ocorongiy, mere is sucn a 

dHhiTS^^ff <* this change are as follows. That is. one cause is that an S component and an O component are 
JTSiSf S?2 Tl 1 6 Pr ° ,eCBve ' ayer tD * e reCordin9 layer ' on the the component such Vs T™Se 

f 6r S„ n ! ' 9h S r PreSSUre ■ m0fIB the ^^nts which the receding layer consists of diffuse from 

therecord.ng layer to the protective layer. Furthermore, another cause is that one part of the protective layer material 

'L^TJ^T* Tl re< ^ in9 layer " 11 i8 mnSiaerea that the chan S* * ^"ed due tottherS the aSre 
causes, or a comoinaton of the above causes. 

Zn&^ZSTS 10 a^ 1 exp e f r, ' men, b * inventore - etc- in the optical disk applying a Qe-Sb-Te recording film and a 
ZnS-S.0 2 protectee layer, the S component is discharged from the protective layer due to the laser irradiation Conse 
quentfc rt .s observed that an S atom is penetrated from the protective layer to the recording Z%. TSSSvn Tins 

■t is assumed that other elements are easy to move by a separation of the S atom, the mechanism thereof is not clear 
<?.- m /r^ A^°T en0 ^ J" mechanism have not been dear| y reported. In case that the nitride thin film including 
5h£ E£!Ll V* ^LT ^ S com P° ne ' lt is not discharged, differently from the above examp.e 
On the other hand, an adherence to the recording layer of such a nrtride is lower than that of ZnS-SiO, film For eam- 

Slr^\ eW r men l haVin0 3 hl9h tem P erature a "d a high humidity, there is another problem tta^a £2Th 
occurred. That is, when o>ode such as SiO a , Ta 2 0 5 . Al 8 0 3 and the like and nitride such as SUN. AIN and thVlike are 

rTfoTLntT^T JT? 8UCh 3 dieleCfriC * 1686 ,0 a ^"Vt^e reSrSg mat" 

^XT-TT c , S ^'^-temperature and high-humidity enviro nment. the peeling and crack are occurred 

so I Q if* ♦ ! Urther Pr0b,8m that ° xide 5UCh as Si0 * Ta 2°5' A, 2°3 and the like and nitrWe such as Si 3 N 4 «N and 
30 the like cannot be applied to a dielectric layer material. 

A deterioration mechanism is summarized. In the first place, the more the times of repeating is increased the more 
he above atom diffusion and chemical reaction are proceeded. Consequently, a composrtton h^SSJSSh 
largely vaned, thereby variations of the reflectance, the absorption andThe like" and £ vantfior JSSJSSjK 
S^fi? T^ll Zat ° n sens ^ y > and the ensure characteristic (a crystallization sensitivity and a crystallization 
rate) are actualized. It is supposed that in the protective layer, accompanied by the change of the optical OwZZZX 

SSnn^-lT 1 * SUCH ! ChanflS ^ 3 m8ChaniCal Strenflth iS "^occurs. ,t SSSSSSi 
, y 93 an 6X06,16,11 pr0t6cSve layer has a h '9 h adhesiveness between the protective layer and 

the recording layer and this results from the atomic diffusion. Furthermore, it is also considered that such a nraLttm 
layer substantially contains a limit of the repeating times. conswereo mat sucn a protective 

3 m w eria ' ~ nta ! ni " B J Ag and S ' th at is, *e elements which are easy to chemically react, the method of 
suppressing the reaction is disclosed in Japanese Patent Application Laid-open No. 5-21 721 1. However the WloSno 

^^StS," ^^l 8 ^ ™ iS ' relative to the phase change recording medium^S as GeS Te 
system, In-Sb-Te system and the like being developed for an application as the most possible material system in «tar 

ZnT^LTr? ?J?° rmt T thereof ' the ,ayer "i**** mat * ial stride. "Si 

formed between a dielectric protectee layer and a phase change recording layer. The formed layer arts as a banier 
layer for preventing an interdiffusion and the chemical reaction between the recording layer and the protective layer 
Furthermore, more specifically. Ge-N or Ge-N-O is superior as the dielectric protective layer material Sendees not 

nn< J^^ST S ll UC !i re ^ r rea,izin8 an excellerrt re Paating characteristic and an excellent weather-proofness is 
n °tyetacheved.ln^ 

^lil l^T^ 600 " 1 ^ m8dium havin 9 the exce,,ent seating characteristic and weather- 

wSSI^SSS 0 ' and a method 01 fecore,in9 and reproducinfl an informalion * usin ° 

SUMMARY OF THE INVENTION 

In order to solve above problems, according to one aspect of the present invention, there is provided an optical 
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information recording medium comprising a recording layer generating a reversible phase change which can be opti- 
cally detected according to an irradiation of an energy beam, and a material layer which is named a barrier layer formed 
in contact with at least one surface of the recording layer, wherein an atomic diffusion and a chemical reaction occurred 
between the protectove layer and the recording layer are suppressed by the barrier layer. 

s A material constituting the barrier layer (a barrier material) itself can be applied to a protective layer material as it 
is. In this case, more specifically, it is expressed as the protective layer using the barrier material". 

According to another aspect of the present invention, preferably, there is provided an optical information recording 
medium, wherein a barrier material layer is disposed at both sides of a recording layer. 

According to a structure in which the barrier material is applied to a substrate side of the recording layer, an effect 

10 for suppressing the atomic diffusion and the chemical reaction between the recording layer and the protective layer is 
higher, thereby a cycle performance is enhanced. According to the structure in which the barrier material is applied to 
the side opposite to the substrate of the recording layer, the effect for enhancing a stability of rewrite performance is 
higher, thereby a reliability is enhanced. Not only the structure in which the barrier material is applied to both sides of 
the recording layer combines both characteristics, but also both performances are further enhanced. 

15 According to further aspect of the present invention, preferably, there is provided an optical information recording 
medium, wherein when the barrier material is represented by (where, M denotes an aggregate of non-gas ele- 
ments Ml M 2 , ... and X denotes the aggregate of gas elements X 1t X 2 , ..), regarding a ratio of a gas component 
b/(a+b) , the ratio of the barrier material layer at the substrate side is relatively higher than that of the barrier material 
layer at the side opposite to the substrate. 

20 According to further aspect of the present invention, preferably, there is provided an optical information recording 
medium further comprising a metallic reflecting layer. 

According to further aspect of the present invention, preferably, there is provided an optical information recording 
medium, wherein the protective layer using the barrier material" having a thin thickness of 60 nm or less is applied 
between the metallic reflecting layer and the recording layer for a quenching. Thereby, since the number of layers can 

25 be reduced, a preparing process can be simplified. Furthermore, since a cooling effect is enhanced, thereby a thermal 
interference between recording marks is reduced, an information signal can be densely recorded. That is, the structure 
is advantageous to a high density recording. More preferably, in this case, the barrier layer is also applied to the sub- 
strate side of the recording layer. Thereby, it is possible to obtain the medium which can realize a higher cycle perform- 
ance and a higher density recording. 

30 According to further aspect of the present invention, preferably, there is provided an optical information recording 
medium, wherein in the structure (a rather slow cooling structure) necessary for a dielectric layer having a thick thick- 
ness of 80 nm or more between the metallic reflecting layer of the recording layer and the recording layer, the barrier 
layer is applied to at least one side of the recording layer. Thereby, usually, in the rather slow cooling structure having a 
tendency of high heat-storing effect and a large thermal damage, the cycle performance can be largely enhanced. 

35 According to further aspect of the present invention, there is provided an optical information recording medium, 
wherein the thickness of the barrier layer is at least more than 1 nm to 2 nm. Thereby, the above effect can be obtained. 
Preferably, the thickness is 5 nm or more. Thereby, even if a laser power used for recording is higher, the effect can be 
obtained. Furthermore, more preferably, the thickness is 20 nm or more. Thereby, a further effect can be obtained. Fur- 
thermore, more preferably, the thickness is 20 nm or more. Thereby, a higher reproducibility can be obtained in prepar- 

40 ing. 

According to further aspect of the present invention, there is provided an optical information recording medium, 
wherein the barrier material layer containing Ge-N or Ge-NO is used as the barrier material. 

According to further aspect of the present invention, preferably there is provided an optical information recording 
medium, wherein when Ge-N or Ge-N-O material layer is applied at both sides of the recording layer as the barrier layer 
45 or the protective layer, regarding a density of a gas element in Ge-N or Ge-N-O layer, that is, (N+0)/(Ge+N+0) , the 
density in Ge-N or Ge-N-O layer at the substrate side of the recording layer is relatively larger than that in Ge-N or Ge- 
N-O layer at the side opposite to the substrate of the recording layer. 

According to further aspect of the present invention, preferably there is provided an optical information recording 
medium, wherein Ge-N composition region having a Ge density ranging from 35% to 90% is selected. More preferably, 
so the range from 35% to 65% is selected. 

According to further aspect ol the present invention, preferably there is provided an optical information recording 
medium, wherein in case that the a Ge-N layer is applied to the substrate side of the recording layer (at the side which 
a laser beam is incident on), the Ge density ranging from 35% to 60% is selected. In case that the Ge-N layer is applied 
to the side opposite to the substrate of the recording layer, the Ge density ranging from 42.9% to 90% (preferably, 
55 42.9% to 65%) is selected. 

According to further aspect of the present invention, preferably there is provided an optical information recording 
medium, wherein in a triangular diagram in FIG. 5 showing three-element composition of Ge-N-O, Ge-N-O composition 
region is within a range surround by four composition points, B1 (Ge$o.o. N io.o). B4 (Ge^ 4 , N 3 3 , 0 13 3 ), G4 (Gesi.i, 
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N i3.e. Oss.,). G1 (Geo.35. N 0 65 ). In this region, there are such effects that the cycle performance is enhanced and an 
erasure performance is enhanced. 

According to further aspect of the present invention, preferably there is provided an optical information recording 
medium, wherein in case that the Qe-N-O layer is applied to the substrate side of the recording layer (at the side which 
we laser beam is incident on), the region surrounded by four composition points D1 (Ge60.0 N40.0). D4 (Ge48 8 N10 2 
O41.0), G1 (Ge35.0 N65.0). G4 (Ge31.1 N13.8 055.1) is appropriate. In case that the Ge-N-0 layer is applied to We 
fUt t *° 6 substrate <* ,ne recording layer, the region surrounded by four composition points B1 (Ge6S 0 
N35.0). B4 PaMANM 036.6), F1 (Ge42.9 N57.1). F4 (Ge35.5 N12.9 051 .6) is approprSte. In th!s case, pre2£y 
the region surrounded by four composition points C1 (Ge65.0 N35.0). C4 (Ge53.9 N9.2 036.9), F1 (Ge42.9 N57 1) F4 
(Ge35.5N12.9051 .6) is appropriate. ' 

Similarly to the case of the Ge-N layer, when the Ge-N-O layer is formed at the side opposite to the substrate of the 

nSS? ( ^ th lf We I*'* the l3Ser beam te not incident on) ' in a P rocess °* ^cording and erasing, there is less 
possibility that a Ge atom is included in the recording layer. The layer can be also applied to the composition region hav- 
.ng a considerably high Ge density. On the contrary, when the Ge-N-O layer is formed at the substrate side of the 
recording layer (at the side which the laser beam is incident on), there is more possibility that the Ge atom is included 
Ge derSJ 9 K 15 Preferable the layer is applied to * e composition region having a considerably high 

anH A i Q d ^ Cr 1 ibedabove ' the Qe " N or * e Qe - N -0 'aver is acted in such a manner that the atomic interdiffusion 
and chemical reaction generated between the recording layer and the protective layer usually comprising a dielectric 
material are stressed. There is such an advantage that the Ge-N layer or the Ge-N-O layer has a higher adhesive- 
ness to the recording layer, compared to other nitride films such as Si 3 N 4 . AIN, etc. and a caibidefilm such as SiC etc 
The reason that the Ge-N layer or the Ge-N-O layer has a higher adhesiveness is as follows. Compared to other nitride 
fi ms such as S. 3 N 4 . AIN. etc.. the Ge-N layer or the Ge-N-O layer enables to form the film with a relatively lower power 
at a high speed (for example, when a distance between a target and the substrate is 200 mm. if the target whose diam- 
eter is 100 mm is used, the film can be formed with 500W at 40 nm to 50 nm/minute). Accordingly, it is assumed that 
since an internal stress in the film is lower, the Ge-N layer or the Ge-N-O layer has a higher adhesiveness. However 
true is not clear. ' 

According to further aspect of the present invention, preferably there is provided an optical information recordino 
medium, wherein a complex refractive index value N+ik applies the Ge-N or Ge-N-O layer satisfying the range of 1 7 1 

££? fhT« m « \, preferabl * when tne a""*"" material *y<* * fo™ed at the substrate side of the recording 
ayer, the Ge-N or Ge-N-O layer satisfying the range of 1.7 <: n s 2.8 and 0 s k «; 0.3 is applied. When the barrier material 
££! f. J* 0ppOSite 10 the ^rate, the Ge-N or Ge-N-O layer satisfying the range of 1 .7 <; n * 3.8 and 
0 s ks: 0.8 is applied. An optical constant is changed according to a ratio of 0 1o N in the film, when O is less the optical 
constant becomes larger. When O is more, the optical constant becomes smaller 

According to further aspect of the present invention, preferably there is provided an optical information recording 
medium, wherein a material thin film whose main component is Ge-Sb-Te is used as the recording layer 

According to further aspect of the present invention, preferably there is provided an optical information recording 

Ulf "2 tZZT* the " iaterial thin film whose main component is ZnS-SiOs is used as a dielectric protective layer mate- 
rial used together with the barrier layer. K y 

p AcCord 2 nfl 10 ,urther ****** * * e P resent invention, preferably there is provided an optical information recording 

medjunr wherein a material layer containing a main component comprising a nitride or a nitriding-oxide having at least 
one kind of element selected from the elements constituting the recording layer is used as the barrier material layer 

nr Jl!^^T^ t !u ni T idS materia ' ' S l6SS adhesive t0 a chalc oaenite material, the barrier layer containing nitride 
or nrtridmg-oxide being the element constituting the recording layer is used, thereby the elements in the barrier layer is 
common to the component element in the recording layer. Accordingly, the adhesiveness can be enhanced In this 
case, it is possible to suppress the interdiffusion and the chemical reaction between the recording layer and the protec- 

Ih^m^ 059 "*? °° mp ° nent is the die,ectric ma,erial - hereby, the phase change optical recording medium having 
the excellent repeating performance excellent weatherproofness can be realized 

According to further aspect of the present invention, preferably there is provided an optical information recording 
formed ° f recorciir ^ ,a * er is nitrided <* nitric-oxidized, thereby the barrier layer is 

In this case, since the recording layer and the nitride layer or the nitric-oxide layer have the films having a high con- 
tinuity to each oWer. there is less problem relating to the adhesiveness. Accordingly, the optical information recording 
medium having the excellent repeating performance and the excellent weatherproofness can be obtained 

mJSSHS t l f ^ er K aSPe °L? f th6 PfeSent inventi0n> 3 method of PWfcHJ an optical information receding 
medium for solving the above problems, comprising a vacuum deposition method. DC sputtering method, a magnetron 
sputtering method, a laser sputtering method, an ion plating method, a CVD method and the tike 

According to further aspect of the present invention, a method of preparing an optical information recording 
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medium, preferably, wherein a sputtering method is used, a single target comprising the main component M of the bar- 
rier material, a nitride target comprising M, a nitric-oxide target, or an oxide target is used in order that the barrier mate- 
rial layer is formed, so that a reactive sputtering is carried out in a mixed gas of a rare gas and the gas containing a 
nitride component or the mixed gas of the gas containing the rare gas and the nitride component and the gas containing 

5 an oxide component, thereby the barrier material layer is formed. 

According to further aspect of the present invention, a method of preparing an optical information recording 
medium, preferably, wherein Ar and Kr are used as the rare gas. 

According to further aspect of the present invention, a method of preparing an optical information recording 
medium, preferably, wherein N 2 is used as the gas containing the nitride component, and 0 2 is used as the gas con- 

10 taining the oxide component 

When the barrier material layer is formed at either sides of the recording layer, an N 2 density in case that the barrier 
material layer is formed at the side opposite to the substrate of the recording layer is highly set than that in case that 
the barrier material layer is formed at the substrate side of the recording layer. Thereby, the structure having a further 
higher weather-proofness can be obtained. 

is According to further aspect of the present invention, a method of preparing an optical information recording 
medium, preferably, wherein Ge is used as the main component M of the barrier material, a Ge target, a Ge-N target, 
a Ge-N-0 target or a Ge-O target is used so that the reactive sputtering is carried out, thereby the barrier material layer 
is formed. More preferably, a Ge3N 4 composition is used as the Ge-N target, a GeO composition is used as the Ge-0 
target, and Ge 3 N 4 -GeO mixed target is used as the Ge-O-N target. 

20 According to further aspect of the present invention, a method of preparing an optical information recording 
medium, more preferably, wherein Ge is used as the main component M of the barrier material, when the reactive sput- 
tering is carried out, a total pressure of a sputter gas is more than 1 mTorr, and H is 50 mTorr or less. Within this range, 
a high sputter rate and a stable discharge can be obtained. 

According to further aspect of the present invention, a method of preparing an optical information recording 

25 medium, preferably, wherein Ge is used as the main component M of the barrier material, when the reactive sputtering 
is carried out, the sputter gas is the mixed gas containing at least Ar and N 2 , a partial pressure ratio of N 2 is ranging 
from 5% to 60%. Thereby, a better repeating performance and a better weather-proofness can be obtained. In this case, 
when the barrier layer is used at the substrate side of the recording layer, the partial pressure ratio of N 2 is ranging from 
1 2% to 60% (preferably, 50% or less). Furthermore, when the barrier layer is used at the side opposite to the substrate. 

30 the partial pressure ratio of N 2 is ranging from 5% to 60% (preferably. 40% or less, more preferably, 33% or less). 

Regarding the repeating performance, when a nitride partial pressure in the sputter gas is low, since much surplus 
Ge not combined to a nitrogen exists in the protective layer, the composition in the recording film is changed, accom- 
panied with rewriting the signal, thereby a better characteristic cannot be obtained. Furthermore, when the nitrogen par- 
tial pressure in the sputter gas gets too high, much surplus nitrogen exists in the film, thereby similarly to the above 

35 case, the better repeating characteristic cannot be obtained. 

Regarding the weather-proofness (adhesiveness), when the nitrogen partial pressure in the sputter gas is high and 
much surplus nitrogen exists in the film, after an acceleration test, a peeling is occurred. However, when the nitrogen 
partial pressure is low and the surplus Ge not combined to the nitrogen exists, the peeling is not occurred. It is assumed 
that since Ge contributes to a combination with the recording film, the peeling is not occurred. 

40 According to further aspect of the present invention, a method of preparing an optical information recording 
medium, preferably, wherein Ge is used as the main component M of the barrier material, when the reactive sputtering 
is carried out. the sputter gas is the mixed gas containing at least Ar and N 2 , a sputter power density is more than 
1 ^TW/cm 2 , and a film forming rate is 18 nm/minute or more. 

According to further aspect of the present invention, a method of preparing an optical information recording 

45 medium, preferably, wherein Ge is used as the main component M of the barrier material, when the reactive sputtering 
is carried out, the sputter gas is the mixed gas containing at least Ar and N 2 . the film is formed in such a manner that 
the complex refractive index value N+ik may satisfy the range 1 .7 £ n <i 3.8. 0 £ k £ 0.8. More specifically, when the bar- 
rier material layer is formed at the substrate side of the recording layer, such a film forming condition as to satisfy the 
range 1 .7 £ n £ 2.8, 0 £ k £ 0.3 is selected. When the barrier material layer is formed at the side opposite to the sub- 

50 strate, such a film forming condition as to satisfy the range 1 .7 £n£ 3.8, 0 £ k £ 0.8 is selected. 

According to further aspect of the present invention, a method of preparing an optical information recording 
medium, preferably, wherein at least one element among the materials constituting the recording layer is used as the 
main component of the barrier material layer, its single element target, its nitride target, its nitriding -oxide target or its 
oxide target is used, so that the reactive sputtering is carried out the mixed gas of the rare gas and the gas containing 

55 the nitrogen component or the mixed gas of the rare gas and the gas containing the nitrogen component and the gas 
containing the oxygen component, thereby the film is formed. 

According to further aspect of the present invention, a method of preparing an optical information recording 
medium, preferably, wherein the material itself constituting the recording layer is used as it is as the main component of 
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Sin ™ J* I? TeaCt T 8PU * ,enn9 B OUt the mixed S 38 of the rare 9as and the gas containing the 

SZrZ^ ° r 1 6 Ti"2?!*JF Q3S and th6 038 Oorrtainino the com P° ne * ^ the gas con 

taimng the oxygen component, thereby the film is formed. * 

5 m e d^S™« fUr, l! er °! the , Pf6Sent inventi0n ' 8 method <* an information recording 

medium preferably, wherein the material itself constituting the recording layer is used as it is as the main component of 

' ay6r ' a r6COrt,in9 layer formafion « me « - recording 

nlnt k rm '^ thS r6COrdin9 ' ayer in whiCh * e densi * * the »- tne «*«• compo- 

» ZSSEETf" " enha " Ce * °l a P rocess of tormin ° •» recording layer in which the densities of thejw 
w containmg the nrtr.de component and the gas containing the oxide component are enhanced is used thereby the 
recording layer formation can be achieved. nancea is usea, tnereoy the 

rmv^SIll^ Presses, a supply of the gas constituting the nitride component and the oxide component 
may be stopped when a recording layer portion is formed in the recording layer formation process. 

is BRIEF DESCRIPTION OF THE DRAWINGS 

combing four S SeC,i ° nal Sh °* n9 3 co^ventiona, Structure of a Ptase change optical recording medium 
. ing MASSES" *" " ° f an *»" reCOrdif * medium a «*>'°- 

accJd?n g 3 toth a e XSe^cT ^ ^ ^ ^ * ^ Mwffl " fcn ~*» ■"•*"" 

*J^£££Z££!r showrin9 ■ no * h8r examp,e * ^ information recordina medi - 

rial I™ f^i^T 5 '!!" di f for ex P' ainin 9 an appropriate composition range of a Qe-N layer or a Ge-N-O mate- 
rial layer applied to the optical information recording medium according to the present invention 

to the ?'e!ert^e a ntion CtUre * " apparatUS ° f I™*"** tne °P tical information recoiding medium according 

FIG. 7 shows an example of a laser modulation waveform for recording and reproducing an information sional rel- 
ative to the optical information recording medium according to the present invention """""on signal rel 

8 t f ow f an ,°*!l ar exam P' e °f a laser modulation waveform for recording and reproducing an information signal 
relate to the optical information recording medium according to the present invention 'nrormatran signal 

present intertiot " appamtUS 01 preparin9 *" °^ icai Nation recording medium by using the 
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FIG. 10 shows a difference of a repeating characteristic by using a sputter gas pressure 

= 2" I S H 0WS the difference of fte repeating characteristic by using the sputter gas pressure 

shows a difference of an adhesiveness by using the sputter gas pressure 
FIG. 13 shows the difference of the adhesiveness by using the sputter gas pressure. 
FIG. u shows a relationship between a nitrogen partial pressure in the sputter gas and an optical constant 
FIG. 5 shows the ^aftonship between the nitrogen partial pressure in the sputter gas and the optical constant 
FIG. 16 shows a relationship between a total sputter gas pressure and the optical constant 
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1 Substrate 

2 Protective layer 
46 3 Recording layer 

4 Protective layer 

5 Metallic reflecting layer 

6 Overcoat layer 

7 Concave-convex groove track 

8 Barrier layer 

9 Contact layer 

10 Defense plate 

1 1 Vacuum tank 

1 2 Power source switch 

55 1 3 Direct current power source 

1 4 High-frequency power source 

15 Matching circuit 
16, 17, 18, 19 Cathode 
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20,21,22,23 Switch 

24 Air outlet 

25 Pipe 

26 Vacuum pump 

5 27 Rotating apparatus 

28 Rotary shaft 

29 Disk holder 

30 Shutter 

31 Gas pipe 

io 32, 33, 34, 35 Mass flow meter 

36, 37, 38, 49 Valve 

40 Ar gas cylinder 

41 Kr gas cylinder 

42 0 2 gas cylinder 
15 43 N 2 gas cylinder 

44 Insulating material 

45 Ge-Sb-Te target 

46 ZnS-Si0 2 target 

47 Al-Cr target 
20 48 Ge target 

49 Vacuum container 

50 Air outlet 

51 Gas supplying opening 
53 Rotating apparatus 

25 54 Sputter gate 

55 Cathode 

BEST MODE FOR EXECUTING THE INVENTION 

30 An embodiment of an optical information recording medium according to the present invention is shown in FIG. 2. 
FIG. 2 shows the embodiment in case that a barrier layer is used at a substrate side of a recording layer. 

According to the embodiment, a substrate 1 is a disc-shaped polycarbonate resin substrate having a thickness of 
0.6 mm and a diameter of 120 mm. Since a polycarbonate has such merits as a low humidity, a low cost and the like, 
the polycarbonate is superior as a material used for the substrate. Aside from the polycarbonate resin, a glass, an 
35 acrylic resin, a polyolefin resin, a vinyl chloride and the like can be also used. Although a metal can be also used, the 
medium must be designed in such a manner that a light is incident from the side where a film is formed. Any way, a kind 
of the substrate is not limited to the present invention. 

A surface of the substrate is optically sufficiently flat Furthermore, a spiral-shaped concave-convex groove track 7, 
for example, having a depth of 70 nm, a groove portion width of 0.74 \im and a land portion width of 0.74 u,m is formed 
40 all over the surface where a multi-layer film is formed. The concave-convex shape of the groove is operated as a guide, 
thereby a laser beam for recording and reproducing an information signal can be moved to an optional position. As a 
method of guiding the laser beam, a continuous servo method using the spiral-shaped groove or a concentrically 
formed groove and a sample servo method tracing a periodically ananged signal pit sequence are known. According to 
the method of guiding the laser beam, although the groove is appropriately formed on the substrate 1 , this does not also 
45 relate to a substance of the present invention. 

According to the above embodiment, sequentially a protective layer 2 comprising a ZnS-Si0 2 (Si0 2 : 20 mol%) mix- 
ture layer, a barrier layer 8 containing Ge-N or Ge-N-O, a recording layer 3 comprising a Ge 2 Sb 2 3 Tes alloy thin film, a 
protective layer 4 comprising a ZnS-Si0 2 (Si0 2 : 20 mo!%) mixture layer and a metallic reflecting layer 5 is formed on 
a surface where the concave-convex groove track 7 of the substrate 1 is formed by a sputter method. An ultraviolet cur- 
se ing resin is used as an adhesive layer 9, thereby the same resin plate as the substrate 1 is laminated as a defense plate 
10. When the barrier layer 8 is Ge-N, in an order from the protective layer 2 to the metallic reflecting layer 5, the thick- 
ness of each layer is sequentially 91 nm, 5 nm, 20 nm, 18 nm and 150 nm, respectively. When the barrier layer 8 is Ge- 
N-O, similarly, the thickness of each layer is sequentially 86 nm, 20 nm, 20 nm, 18 nm and 150 nm, respectively. 

In general, the material forming the protective layers 2 and 4 is a dielectric material, which is sometimes called a 
55 dielectric protective layer. Aside from ZnS-Si0 2 , the materials which are conventionally used for the protective layer of 
the optical recording medium can be applied to the protective layer as it is. For example, an oxide layer comprising a 
single oxide or a compound oxide etc. such as Al, Mg, Si, Nb, Ta, Ti, Zr, Y, etc., a nitride layer comprising a nitride such 
as Al, B, Nb, Si, Ta, Ti, Zr, etc., a sulfide layer comprising a sulfide such as ZnS, PbS, etc., a serenide layer comprising 
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S,! S ',S" 3 Mrb j de,ayer comprisin a SiC - a fluoride comprising CaF 2 . LaR etc.. or a mixture of the above mate- 
rials such as a material layer comprising ZnSe-SiOB, Si-N-O, etc. can be used. 

r ^r ateri t- min ?, ,he reCOrding ' ayer 3 is a ***** cnanfle material to be chan 9ed into a reversible state by 
ZZZl^TcT^ an en6f9y SUCh 38 8 l3Ser beam ' etC • More *ec^ly. preferably, the material is 
* ^ ^ J. batwee " an a ™0*ous state and a crystalline state by the irradiation of the laser light beam Typi- 

TX^£Tr g ^ S Z T %^ J l ln ' Sb - T6 ' ^ Q ^ Sb - Te - Pd - Ag-Sb-m-Te. Ge-Bi-Sb-Te Qe lt!?e, Ge- 
Sm ^ Ge-Bi-Te-Se. Ge-Te-Sn-Au, Ge-Sb-Te-Cr, In-Se, In-Se-Co and the like, or the system resulted 

from adding a gas admixture such as oxygen, nitrogen, etc. to these systems can be used 

« th^ 8 [f forrned " me Wn fi,ms are in the a^oiphwa state. When the films absorbs an energy such 

hSmTrS a ^o«s state when the film is formed is previously crystallized by using such a method as a laser 
beam irradiation, a flush light irradiation, or the like, "me laser beam is thinly focused, and the crystallized receding fHm 

s SSTSZ**"!?* ^ AcCOrdin91 * •» irTadiated P° rUon is Whized, so 7theZS 
f^n ?TlS 2S, i^ eC °£ " ° a,ried ^ By the Chan9e ' the P° rtion wnere the abov^ record isT 

25 «* ** Vanat ' 0n * 8 transmitted liaht *«0* ^ detected, thereby the information is reproduced 
Zlv a r^ t ' 0n ,S / ewrrtten ' the ,aser beam ^ irradiated, and the amorphous portion is re-aysSSd 
thereby a recording mark is erased. After the erasure, a new recording mark is formed. As described below such an 

nS e ^eS r i° Pe,ati0n ^ 3 reCOrding ° Pera,i0n ^ Cafried M dUrin9 ° ne o^riSS 
As described above, the material layer located between the protective layer 2 and the recording layer 3 as the bar- 
»^ fh y fij t S J! 3er ? 10 5UCh 9 mannerJhat an atomic diffusion and a chemical reaction between the recording layer 
and the protectee layer are prevented. Compared to the recording .ayer. the material layer is needed to comprised 
material having a higher melting point and a higher density. Furthermore, it is necessary that the material layer com 
pnses ttne material which is hard to react with the material constituting the recording layer and the S«£ 
JS^IET *7 at0miC 'f* 0 " MOrSOVer ' * iS neces sary that the materia, layer comprises SSSSSSZ 
Lh^L^™ J . y ayerS r d • fU . rth6r iS hard t0 96nerate a CracK etc - exar ^ ,e - *e Serial provided with the 
SZ^SSHS. am ° n9 n ' tr n e, 1 th8 add * the 0,rtid * ,he ni triding^xide. an carbide of oxygen, a carbide of 

SSSS^^SST^ Pn ^T materia, h8S SK9htly leSS 0xy9en and ^°9° n than a stoichiom^ 
h ^1 ' * example ' ^ a stoichiometric nitrogen compound composition of the element M 

Son of f!^ d ^?! d 38 ^ MaNb - Mb ° d (Where ' a ' b ' c and d denote a number), the conpo- 

M< bfrridf!* M * th . 6 barriSr lay6r iS r6qUired t0 be expressed 38 M aN b1 (b1 * b) and J a N b1 -mT 
(b1 S b and d1 s d). More specifically, when the barrier layer is applied at the ^de opposite to the subttrate of the 
recording layer, preferably. M a N b2 (b2 < b) and M a N b2 -M c O d2 <b2 < b and d2 £ d) 

s (TS^' in K ? S6 f f SU ° h 9 com P° sitk>n 38 Si " N . AJ-N. Si-O-N. or the like, the composition is expressed as 
S,3 N mi (ml <; 4. preferably ml < 4). AINm 2 (m2 s 1 . preferably m2 < 1), S l3 Nrr*- S,O m4 (m3 £ 4and m4 < 2 oreferablv 

tothl ba^laye'' " <2> ' * 3 «^ «^ ' « * 522 

Furthermore, when the barrier layer is formed at both the sides of the recording layer, an adhesiveness to the 
recording ayer at the substrate side is different from that at the side opposite to the sub^ite The substrate sSSSe 
T L re,ati ?' y hi9h , adhe s-eness. and the opposite side has a low adhesiveness an expt ml 
S JZf : ^^'er layer ,s formed at the substrate side of the recording layer, it is largely shifter from^e ^oi- 
chiometric composrtion. That is, when the barrier material is represented by wyfc (where. M denotes an aaareaateof 
non-gas e ements M 1t M 2 , ... and X denotes the aggregate of gas elements X, X 2 ..). Warding a rafo oJa ^as oom 

SltSSSd 6 10 SUbStra,e ' Accwdin9ly ' the medium ha ™° a " excellent weather^oof ness can 

Here, typically, the example using Ge-N or Ge-N-0 is shown 

Furthermore, as described below, the material forming the barrier layer may be replaced by the nitride and the 

SnS'^J 2 mat ? a ' C ° mP f *? r*" ,ayer ' F ° r eXamp,e ' Wh8n tbe main co^onent o'f Se raSdi^ayer 
consists of three elements among Ag. In, Sb and Te. an interface layer can be Ag-N-(O). Sb-N-(O) In-N-fO) Te-N fo! 

? toTTu °ol o e r T C ^ S A9 f b - N ^- Wheri the - Wl of the reccing iyens Te^SiSe 2^£ 
thSiv S e .° ^f" TOy b6> for 6xample ' Ge - Si " N -(0)- Cr and Al are added to Ge-N and Ge-N O 

thereby the adhesiveness can be enhanced. More specifically, the addition of Cr enables to obtain a remarkable affect 



10 



EP0 825 595 A1 

At an additive density of about 5% or more, the adhesiveness can be enhanced. A preparing condition which can form 
the barrier layer having an excellent adhesiveness is expanded. When the additive density exceeds 50%, the cycle per- 
formance tends to be reduced. 

The reflecting layer 5 comprises the material having a high reflectance and a low corrosiveness. Instead of an Al- 

5 Cr alloy, a single Au. Al, Ag, Pd. Ni, Cr, Ta. Ti, Si. Co, etc. or the alloy whose base consists of them can be used. For 
example, Au-Cr, Au-Co, Al-Ta, Al-Ti, Ag-Cr, Au-Pd, and the like preferable. 

According to the above explanation, as a position where the barrier layer is applied, such an example that the bar- 
rier layer is applied to the interface between the dielectric protective layer at the substrate side and the recording layer 
is shown. Aside from the example of FIG. 2, there are different variations shown in Figs. 3A to 3H and Figs. 4A to 4H 

10 as another example of FIG. 2. The shape of the groove, a contact layer and the defense plate shown in FIG. 2 are omit- 
ted. Although the structure of FIG. 3A is same as that of FIG. 2, for simplify by a comparison among FIG. 3A and Figs. 
3B to 3H, FIG. 3A is again shown. 

For example, when the barrier layer is used, even if not only the barrier layer is used at the substrate side of the 
recording layer as shown in FIG. 3A, but also the barrier layer is used at the reflecting layer side (shown in FIG. 3B) or 

is at both sides (shown in FIG. 3C), a similar effect can be obtained. 

Furthermore, even if this layer is applied all over a lower protective layer (shown in FIG. 3D), all over an upper pro- 
tective layer (shown in FIG. 3E), or all over the lower and upper protective layers (shown in FIG. 3F) not as the barrier 
layer, but as the protective layer using the barrier material", the similar effect can be obtained. For example, in FIG. 3 F, 
the total dielectric protective layers 2 and 4 at both sides of the recording layer 3 are formed by the material layer con- 

20 taining the barrier material. Ge-N or Ge-N-O. In this case, this material layer has a numeral 8. 

Furthermore, according to such a structure that the barrier layer (where, a Ge-N layer or a Ge-N-0 layer) is used 
at the substrate side of the recording layer 3 and the total protective layer 4 comprises the barrier material (where, the 
Ge-N layer or the Ge-N-O layer) at the side of the reflecting layer 5 (shown in FIG. 3G), the similar effect can be 
obtained. On the contrary, according to such a structure that the total protective layer 2 comprises the barrier material 

25 (where, the Ge-N layer or the Ge-N-O layer) at the substrate side and the barrier layer (where, the Ge-N layer or the 
Ge-N-O layer) is applied at the reflecting layer side (shown in FIG. 3H), the similar effect can be obtained. 

The upper protective layer is thinned, thereby the structure is designed in such a manner that the distance between 
the recording layer and the metallic reflecting layer is reduced. This structure is called a quenching structure. According 
to the quenching structure, if two or more layers are formed at the upper side, since very thin layers must be deposited. 

30 two or more layers are not preferable in view of an accuracy administration of a film thickness, thereby it is difficult to 
prepare. In this case, the upper side comprises a single Ge-N layer or Ge-N-O layer, thereby there is generated such a 
merit that it is easy to prepare. 

FIG. 4 shows the structure when the reflecting layer is removed from the structure in FIG. 3. Figa 4 A to 4H corre- 
spond to Figs. 3 A to 3H. Furthermore, according to the structures shown in Figs. 3 and 4, in various views, such a struc- 

35 ture that a semitransparent reflecting layer comprising Au and a semiconductor material (for example. Si. Ge or the alloy 
whose base is Si, Ge) is added to the substrate side (the side which the light is incident on) of the recording layer can 
be used (not shown). 

Figs 3 and 4 show such a structure that an uppermost layer is provided with the overcoat layer 6. The overcoat layer 
6 is only disposed in order to suppress an influence due to water, dusts and the like relative to the protective layer and 
40 the recording layer of the optical information recording medium. Accordingly, for example, such a structure that a 
dummy substrate is laminated, such a structure that two plates are laminated with the over coat layer surface faced to 
an inner side, or the like is appropriately used according to a usual method. Furthermore, although the drawing is omit- 
ted, in order to laminate plates, a hot melt adhesive and the adhesive of the ultraviolet curing resin or the like are 
applied. 

45 In order that the cycle performance can be enhanced, more effectively, the barrier layer 8, that is, the Ge-N layer or 
the Ge-N-O layer is formed at the substrate 1 side of the recording layer 3. Since the laser beam is incident on the sub- 
strate side, a temperature at the substrate side tends to rise, thereby the composition change is easy to generate. 
Accordingly, it is assumed that the effect of the barrier layer becomes considerable. 

Furthermore, in another view, when the barrier layer, that is, the Ge-N layer or the Ge-N-O layer is formed at the 

so reflecting layer side of the recording layer, in addition to such a merit as to enhance the cycle performance, such a merit 
as to enhance the erasure performance can be obtained. This relates to the following phenomenon. That is, when the 
recording layer is irradiated with the laser beam so that the film is amorphaized. in general, a solidification starts from 
the portion whose temperature is lower. That is, it is assumed that the structure of the recording film composition and 
the interface at the side (usually, the reflecting layer side) where a cooling starts is a principal factor for determining the 

55 condition of a generated amorphous solid. That is, it is assumed that the barrier layer enables to suppress the atomic 
diffusion from the protective layer to the recording layer, the recording film composition at the interface is also held by a 
cycle record, or the like. 

Accordingly, since the substrate 1 comprises the material such as the metal in which the light cannot be transmit - 
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T £ ?\ When J 6 m Can "!! b8 inCident from substr *e side, note that this case is contrary to the above description 
That is. in th.s case. ,n order that the cycle performance may be enhanced, effectively, the barrier layer, that is, the Ge- 
in nX°t r hl^ "° layer I formed at *° sid e opposite to the substrate 1 of the recording layer 3. On ihe other hand. 
N 2^ , t * Perft ^T e , ™? b °. enhanCed " effeCtively - me ^ is - the or the Ge- 

w 1 * SUb !^ te SldS ° f the r8C0rdin9 ,ayer 3 - if the Qe " N 'ayer or the Ge-N-O layer is 

formed at both sides of the recording layer, the above two merits can be simultaneously achieved 

fi .,h JS? IfTV layer *t™* ure responding to Figs. 3A to 3H and Figs. 4A to 4H. In the table, Sub denotes a 
l^niJ^Z??*"? 6 ,ay6r ' BL den0t6S 9 terrier < GeNO >" AL denotes ^ "*°^9 .ayer, RL denotes 
i25T£? * ^ £ f eTOte8 an ^ erCOat layer Fur thermore. in the protective layer, the layer applying the barrier 
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Table 1 An example of layer structures of the recording 
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4G 
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dJ£d ZtTl^ 4 a lT S? rial ' a ? composition ran 9 e * *■ Qe-N '^r or the Ge-N-O layer will be 

7 * ( C) 6 3 tr,an 9 ular d «9ram showing the composition range ot the Ge-N laver or the G« n o 

inVe "! i0n - ' n *" SPpr0priate - «^Ge-N materia. ISSiSiSiSJS 

the Ge densrty has a lowest limit value of 35% to 40%. If the lowest limit value is reduced to lesTm^ as^n "JEL 

at= tothereMrdinfllayWiSr ^ 

ooe y r ^T re> the Qe densi1y has a s "Premum value of about 90%. if the supremum value exceeds 90% in a oroc- 

B2 (Qe89.7N9.8O0.5). B3 (Ge86.6N6.706.7). B4 (Ge83.4N3 3013 3) 
C2 (Ge64.4N33.801 .8). C3 (Ge58.8N20.6O20.6). C4 (Ge53 9N9 2036 91 
D2 (Ge59.5N38.5O2 0), D3 (Ge53.8N23.1023.1), D4 (Ge48.8N10 2041 0) 
E2 (Ge49.6N47.902.5), E3 (Ge45.4N27.3027.3), E4(Ge42.3N11 5046 2) 
F2(Ge42.4N54.702.9). F3 (Ge38.4N30.8O30.8), F4 (Ge35.5N1 2.9051 .6). and 

81-85 C ° nneCtin9 1,16 e " W * n poM B1 We90.0N10.0) to the composition point B5 
vSSSSSS^ C1 "° 5 C ° nneCt,n9 * e COmpoaition P° irt C1 (Ge65.0N35.0) to the composition point C5 
("gSS'oS)!" 16 D1 ' D5 COnneCtin9 ** COmpOSition "*» 01 (Ge60.0N40.0) to the composition point D5 
(gSS)'" 6 E1 " E5 C ° nneCtin9 COmposrtion P° irt E1 (Ge50.0N50.0) to the composition point E5 
ISSSSiT F1 " F5 C ° nneCtin9 COmposition P° irt F1 (G642.9N57.1) to the composition point F5 
ISSSSSSSS^ Q1 " G5 C ° nneCtin0 COmPOSiti ° n "** G1 < Ge35 0N 65 0) »<» the composition point G5 
;Sr iine A1 " H2 COnneCHn9 ^ COmp ° Si,ion P° int A1 < Qe1 °°> to the composition point H2 
ISSSSS'ir At " H3 COnneCtin9 °° mP0SltiOn P0W A1 (G6100) t0 *• point H3 
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a composition line A1-H4 connecting the composition point A1 (Ge100) to the composition point H4 
(N20.0O80.0). 

That is, preferably the average composition ratio of Ge to N to O in the Ge-N-O layer is within the range surrounded 

5 by four composition points, that is. B1 , B4, G4, G1 in the triangular diagram showing the three-element composition Ge- 
N-O shown in FIG. 5. Within this range, there are such an effect that the cycle performance and the erasure perform- 
ance can be enhanced as described above. 

Similarly to the case of the Ge-N layer, in case of the Ge-N-O layer, when the barrier layer is formed at the side 
opposite to the substrate of the recording layer (at the side which the laser beam is not incident on), in the process of 

10 recording and erasing, there is less possibility that the Ge atom is included in the recording layer. Accordingly, the layer 
can be applied to the composition region whose Ge density is considerably high. On the contrary, when the barrier layer 
is formed at the substrate side of the recording layer (at the side which the laser beam is incident on), there is more 
possibility that the Ge atom is included in the recording layer. Accordingly, it is not preferable that the layer is applied to 
the composition region whose Ge density is considerably high. 

is Accordingly, even within the composition region B1-B4-G4-G1, when the barrier layer is formed at the substrate 
side of the recording layer (at the side which the laser beam is incident on), the composition region surrounded by the 
four composition points, D1 , D4, G4, G1 is preferable. When the barrier layer is formed at the side opposite to the sub- 
strate of the recording layer (at the side which the laser beam is not incident on), the composition region surrounded the 
four composition points B1, B4, F4, F1 (preferably, C1, C4, F4, F1) is more preferable. 

20 When the Ge density exceeds the composition line B1 -B4, there is more possibility that the Ge atom is included in 
the recording layer, thereby sometimes the characteristic of the recording layer is changed. On the contrary, when the 
Ge density is too less than the composition line G1-G4, gas-state oxygen and nitrogen included in the film are 
increased. Accordingly, for example, when a laser-heating is performed, the oxygen and nitrogen is outgassed relative 
to the interface to the recording layer, thereby sometimes there is occurred such a problem that the Ge-N-O protective 

25 layer is peeled from the recording layer, etc.. However, any way, if the Ge-N-O protective layer is formed at least one 
side of the recording layer, a predetermined effect can be obtained. 

The component ratio of oxygen to nitrogen can be selected according to the optical constant (refractive index) when 
the structure of a recording device is determined. For example, in case of Ge3N 4 -Ge0 2 composition line, the closer a 
real part n and an imaginary part k of the complex refractive index n+ik approach to the Ge 3 N 4 side, the larger they 

30 become. The closer the real part n and the imaginary part k approach to the Ge0 2 side, the smaller they become. 
Accordingly, when larger n, kare necessary, the composition containing much nitrogen can be selected. When smaller 
n, k are necessary, the composition containing much oxygen can be selected. 

However, the higher the Ge0 2 density becomes, the lower the melting point of the film becomes. When the melting 
point becomes too low, since a deformation is occurred due to the repeated laser irradiation, and the protective layer is 

35 mixed with the recording layer, an excessively low melting point is not preferable as the protective layer. Furthermore, 
since Ge0 2 itself is subject to melt into water, when Ge0 2 density becomes higher, there is such a problem that a mois- 
ture-proof of the protective layer is reduced. 

In the composition region surrounded by the composition points B1 , B4, G4, G1 (in addition to the composition 
points B1 , B4, C1, C4, G4, G1, for example Ge35N30O35, Ge37N18045, Ge40N55O5), the good moisture-proof and 

40 cycle performance can be confirmed. In view of a repeating performance, in the region B1 -B3-G3-G1 having a relatively 
less oxygen component (in addition to the composition points B1 , B3, G3, G1, for example Ge40N40O20, Ge42N5305, 
Ge35N35O30), a good repeating performance can be confirmed. 

In the composition whose oxygen density is low, for example, in the composition having a less oxygen component 
than the composition line A1-H2, the rigidity becomes little larger. Accordingly, compared to the composition having 

45 more oxygen component, the composition having less oxygen density has a little tendency to generate the crack and 
the peeling. However, a little oxygen is added to the composition having less oxygen density, thereby such an effect that 
the peeling and the crack are prevented can be obtained. As described below, even in the composition having less oxy- 
gen than the composition line A1-H2, rf the thickness of the Ge-N-(O) layer is about 300 nm, there is no practical prob- 
lem. Accordingly, this region can be applied. 

so When the Ge-N layer or the Ge-N-O layer is applied to the barrier layer, the film thickness thereof is needed to be 
at least 1 nm or more, preferably 2 nm or more, more preferably 5 nm or more. When the film thickness is less than 1 
nm, such an effect that the diffusion is suppressed is reduced. Furthermore, the difference between 2 nm and 5 nm is 
an allowance relative to the power. Even if the thickness of 5 nm needs a higher power than 2 nm, such an effect that 
the cycle performance is enhanced can be obtained according to the diffusion and the chemical reaction. When the film 

55 thickness is 5 nm, a basic diffusion suppression effect can be sufficiently obtained. If the thickness is 20 nm or more, 
the above effect can be more reproducibly obtained. 

When the Ge-N layer or the Ge-N-O layer is used as the protective layer, it is necessary that the thickness thereof 
is formed in such a manner that it is thicker than thickness of the layer used for the barrier layer, in case of a usual optical 
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?i S l*lL f Bm t |l c ^ ess of the dielectric Protective layer can be only formed in order to have at most 300 nm Accordimlv 
the thickn** of about 300 nm is applied to the film thickness of the Ge-N protective layer or the Ge-N-C SoSe 

ST " ? Ge " N -° ,aver ' there is "° P™** and the crack and th'e .ike are rS mSSSSZ 
more, in th.spo.nt of view, there is such an advantage that the material system containing oxygen is not subject toaack. 
It is assumed that oxygen is included, thereby a structure flexibility is enhanced. 

a m * h °d °f Preparing the optical information recording medium will be explained. The multi-laver film consti- 
Ung ita recording medium acceding to the present invention can be formed by ages phase SSS^SSSSh 
^*^^ Sth0d ' DCs P utteri "9 ™thod, amagnelron sputtering metood a wJSpSSS^aSSi an 

a «-^f»t^ m « en ?°? n8ri ! 01 ™ apparatus for Preparing the optical information recording medium. FIG 6 shows 
S * h 1 emat,c s f™* ure - ln the P'ace. a vacuum tank 1 1 of a sputter chamber is a positive electole 
vacuum tank 1 Us connected to a plus of a direct current power source 1 3 Va a power source switch V 2 F^mo/ a 

HSZESi ill 'iZ~*?* COn ^ 10 3 mafchin9 CirCutt 15 «"~« K high-frea^S W EST! 
IhS^ •i? C ! P -rf enn9 US ' n9 8 dir6Ct CUrrent di8Char9e and an RF Bering using a WgWrequency dis- 
SXJISS" ° CirCUft 15 mataheS ^ imPedanCe h ** Wd-rir to The S 

A bottom portion of the vacuum tank 1 1 is provided with four negative electrodes 16 17 1A iq rn~«tk, a 

tiveeiectrode 16. 17, 18. 19, thereby the negative electrodes 16. 17. 18. 19 are insulated from the positive electrode 
Furttwmore, the negative electrodes 16, 17, 18. 19 can be grounded via switches 20, 21, ££SS5Z£g£t 

a. /,? S "! b ' Te ^ tar96t 45 b0nded to a c °PP er backin 9 P tete - a ZnS-Si0 2 (SiO, : 20 mol%) mixture taroet 46 an 
Al-Cr (Cr : 3 atoms%) alloy target 47 and a Ge target 48 are fixed to the negative el«Ldes™ 17 T\ 9 3S5 OriS 

l^Z^T"* 5f! ^ iS disc - sha P ed - ha ™9 * o?100 mm and a thickness of 

24 vta.lLS! * iS i iSPOS6 l at 9 Side f?"* 09 the VaCUJm tank 1 1 ■ A vacuum P" m P 26 is connected to the air outlet 
24 v,a a pipe 25 thereby an exhaust can be carried out in such a manner that the sputter chamber is high vacuum An 

Z 8 S?K n *J5 VaCUUm tenk 1 1 fe Prwk,ed "« h 9 rotatin 9 27 - A <** holder « JSwTSSS 

fhe Gutter 30 l!SSSSTT " ^ 1 * *° the diSk h0lder » A n"™*' 30 den °*" ^ 

I ^Sl I 0 a P r r sputter is camed out - Furthermore, the shutter 30 is opened and closed thereby 
a sputter start and a sputter completion are controlled. wiereoy 

oioe Sl^Snn^ 5 ^ 6 a 1 ^ PTO r ^ 8 985 '* connected *> vacuum tank 1 1 . The other side of the gas 

pipe 31 is connected to an Ar gas cylinder 40. a Kr gas cylinder 41 . an 0 2 gas cylinder 42 and an N* oas cvlinder 43 
via amass flowmeters 32. 33, 34. 35 and valves 36, 37, 38. 39. respectively Thereby asW^ Wthe uTal £££ 

^dS^^S^S 9 f, ^ 9881 93S ' " 2 " S and ° 2 935 atmos P"er6 (for example. Ar + N 2+ oJcan be 
\SSSk tie Ls L^" i S r° 9en 0Omp0nen ! is not ,imited to ,ne N * 8". *or example, ammonia, etc is also^ 
™M m 938 c ° ntam,n 9 the ™ tr °9 en component. However, considering an apparatus contamination etc in oen- 

both N and O. and the sputtering can be also carried out in the mixed gas of Ar and them 

a ^. e m f , ^ 0, Preparing the optical information recording medium having the structure shown in FIG 3A as an 

^IT^.fJ " 6 ' simultaneous| y. such an example that the Ge-N layer or the Ge-N-O layer as the torier la^ 

^ , at *? SUbSfra I e SidS ° f th8 reC0rdinfl layer *■ be ex P |ained (henceforth, in case ofTo £££ ZfiT 
tion, anexplanatonismadeinanoiderofGe-N, Ge-N-O). paracuiar expiana 

in-6 , T^« , ! rSt P M Ce ' the V8CUUIT1 pump 26 is ac,uated - ther *y ,hs vacuum tank is exhausted to a high vacuum of 1 x 
IdJ?ol ^ 

adegreeofvacuumreaches to 1 mTorr. Thedisk holder 29 is rotated, and the power soiin^ switch is^3on ft tebl 
snnw^w by ZnSSi ° 2 taf9et 46 and the ne9ative e'ectrodeT?. The prefer 

500W power for five m.nutes. and after the discharge is stabled, the shutter 30 is opened Aftera ZnS ISS, S fh»fe» 
a predeterm.ned thickness (according to the embodiment, as described above. 91 nmor Tnmf is Tdeoos S on S 

p^rr^ 3 ^? OT r 

10 -« ToVT T^ni^ a r!h 9 ^t COn1P ' eted • ™ in ^ iS 8ntire,y °P ened ' 1,16 de 9 ree 01 vacuum is returned to 1 x 

*!' I ma ' n ValVe 18 throt1,ed a 9 ain - Ar ^ and the N 2 gas are introduced at the ratio of 50% to 

50%, thereby the total pressure is set to 20 mTorr. Next, the RF discharge is started by the Ge target 48 and the nega° 
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tive electrode 19. After five-minute pre-sputtering, the shutter 30 is opened, and the reactive sputter is carried out with 
500W. The barrier layer 8 whose main component is Ge-N having a predetermined thickness (according to the embod- 
iment, as described above. 5 nm or 20 nm) is formed on the previously formed ZnS-Si0 2 protective layer 2 (since the 
opening and closing operation of the shutter 30 and the valve operation are similar to the case of forming the following 

s layers, the explanation is omitted). When the barrier layer whose main component is Ge-N-0 is formed, in the above 
process, instead of introducing the Ar gas and the N 2 gas at the ratio of 50% to 50%. the Ar gas, the N 2 gas and the Q 2 
gas can be only introduced at the pressure ratio of 49.5% to 49.5% to 1%. Only this point is different from the above 
case. Similarly, the succeeding process is carried out. 

Since Ge has more tendency to form the oxide rather than the nitride, for example, the 0 2 density can be set con- 

10 siderably less than the N 2 density. In some cases, the mixed gas of the Ar gas and the gas containing an N component 
can be only used as an introducing gas, thereby the Ge-N film containing oxygen, that is. the Ge-N-0 layer can be 
formed. In this case, such an administration that the degree of vacuum is set within a predetermined range before intro- 
ducing the gas, etc. is carried out, thereby the O density in the Ge-N-0 layer can be controlled in such a manner that a 
desired O density is obtained. 

15 The composition of the Ge-N layer and the Ge-N-O layer can be identified by a combination of an auger electron 
spectral method (AES). a Ruthurford back scattering method (RBS). Inductive Combination high-frequency plasma 
spectral method (ICP), and the like. The compositions in this case are Ge44 N56, Ge40 N40 O20. respectively. 

Next, DC discharge is started by the Ge-Sb-Te target 45 and the negative electrode 16, thereby the recording layer 
3 is formed. The Ar gas is introduced so that the degree of vacuum is set to 0.5 mTorr. The sputtering is carried out with 

20 1 00W power in such a manner that a predetermined film thickness (according to the embodiment, as described above, 
20 nm) can be obtained. The formed recording layer 3 is in amorphous state. 

Next, the ZnS-Si0 2 film of the upper protective layer 4 is formed under the same condition as the lower protective 
layer 2 of a first layer in such a manner that a predetermined film thickness (according to the embodiment, as described 
above, 18 nm) can be obtained. Finally, the Al-Cr target 47 is CD sputtered in the Ar gas atmosphere of 2 mTorr with 

25 300W power. The Al-Cr alloy film of the metallic reflecting layer 5 is also deposited at a predetermined thickness 
(according to the embodiment, as described above, 150 nm), thereby the multi-layer film having a predetermined five- 
layer structure is formed on the substrate 1 . 

The formed medium is taken out the vacuum tank 1 1 , and the metallic reflecting layer 5 is covered with the ultravi- 
olet curing resin. The dummy substrate is laminated on the covered metallic reflecting layer 5 so carefully not as to gen- 

30 erate a bubble. In this state, the ultraviolet is irradiated, and a coated layer of the ultraviolet curing resin is cured, thereby 
an adhesive structure provided with a contact layer 9 and a protective defense platelO. 

According to the above example, as the method of forming the Ge-N layer or the Ge-N-O layer, the metal Ge is used 
as the target, and the mixed gas of the Ar gas and the nitrogen gas or the mixed gas of the Ar gas, the nitrogen gas and 
the oxygen gas are used so that the film is formed by the reactive sputtering method. However, there are other methods. 

35 Other methods are as follows. Instead of the metal Ge, a Ge-N compound (preferably, Ge 3 N 4 ) is used as the target. 
The reactive sputtering is carried out in the mixed gas containing the rare gas and the nitrogen so that the film is pre- 
pared. Furthermore, a Ge-O compound (preferably, GeO, Ge0 2 ) is used as the target. The reactive sputtering is carried 
out in the mixed gas of the rare gas and the nitrogen, or in the mixed gas of the rare gas, the nitrogen-containing gas 
and the oxygen-containing gas so that the film is prepared. Furthermore, a Ge-N-0 compound (for example, the com- 

40 pound of Ge 3 N 4 and Ge0 2 or GeO) is used as the target. The reactive sputtering is carried out in the mixed gas of the 
rare gas and the nitrogen-containing gas, or in the mixed gas of the rare gas, the nitrogen-containing gas and the oxy- 
gen-containing gas so that the film is formed. 

When the film is formed, in case that impurities such as Ar, H, Si, C, etc. contained in the sputter gas and the cham- 
ber are contained in the barrier layer 8, if the impurity density is 10 at % or less, the similar effect to the case that the 

45 impurity is not contained can be obtained. That is, preferably, the impurity density contained in the nitride and the oxide 
forming the barrier layer 8 is about 10 at % or less. In case of an admixture for positively enhancing the characteristic, 
the density is not limited to this range. For example, Cr can be added up to the same density as the Ge density at max- 
imum, thereby Cr largely contributes to enhancing the adhesiveness to the recording layer, etc.. 

As a second method of forming the barrier layer, for example, the material of the recording layer is applied to the 

so target, and the nitride and nitriding-oxide being the constituent elements of the recording layer are formed, thereby the 
barrier layer can be formed. For example, in case of a Ge-Sb-Te system recording layer, the Ge-Te-Sb alloy target is 
used so that Ge-Sb-Te-N and Ge-Sb-Te-N-0 can be formed. In case of this method, for example, in the first place, after 
the protective layer is formed, the Ge-Sb-Te target is used, and the reactive sputtering is carried out in the mixed gas of 
Ar+N 2 , thereby the Ge-Sb-Te-N film is formed in order to have a predetermined thickness. After then, Ar is used as the 

55 sputter gas, and the Ge-Sb-Te recording layer is formed. By this process, only one target is used, thereby the barrier 
layer and the recording layer can be formed. 

According to the embodiment, such an example that the process of forming the recording layer is performed in inac- 
tive gas is shown. The nitrogen can be contained in the recording layer. In this case, the N 2 partial pressure is appro- 
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priately adjusted. In case of forming the recording layer, compared to the case of forming the barrier laver a low N 
densrty is selected, thereby the reading layer containing the nitrogen and the barrier lay^ai bSnaS SJ- *f 
example of preparing »e optical information recording medium having the struck I^^S^SS" £ 

the protective layer conpr,s,ng the nitride and nitriding-oxide can be formed according to the above proW 

Furthermore, tor example, as shown in FIG. 3E. when the protective layer comprising the barrier material is farmer. 

r/n^ T surface of the recordinfl ,ayer 3 - natura " y fiims «" * form ^ S&^SSS22SK 

SLSST" ^ C ° mPr ' 8 "S the rttride and niWdi "9-oxiae. In case of this method, since SSSSJK 

SSJSfi «* C ° mm0n t0 that * the terrier teyer ° r 1he protec<ive la * er - fe 'ess fear that the^ZSreacbbn 
and the .nteid.ffus.on are occurred. Accordingly, a higher adhesiveness can be easily obtained EalSSSSto 

SSL 6 ; 7 2V?*? " Te reCOrd,n9 ' ayer iS USedl * te advanta 9«>"s that the coLblS«^iIS^?I 
ecordmg layer, that .s the nrtride and nitriding-oxWe such as Te and Sb are used as the barrier lay^and SorSSiS 
fcyer themselves. In this case, the metal Te and the metal Sb are used as the target. andTe-N SoTsT 

can toJZZST* ,nd J P :T n " y ^ re6peCflVely - ,n any «* the efte ^ corresponding £ e Te-N « > ia~r 
^« SctS f i CaSe b8,Tier ' ayer and the protective usi "9 106 andThe nft2ling^S for exam 

adhes^ess to the recording layer and/or the dielectric material layer is adhesive^ formed on a St ^e Jurfacfof 
he record.ng layer. If this requirement can be only satisfied, the constftuent element of the mlgSw! noS^ 
to n.trd.ng-ox.de. Accordingly, even if the constituent element of the recording .ayer is a canSe o?a SSiTJEE 
sMuertt element can be applied. For example, the constituent element of the recording layer may U f same as the £n- 
sttuent element (for example, Zn-N, Zn-N-O, etc.) of the dielectric protective layer. FuJthelo^ it Zri KatTe 
mixture of the compound except for nitriding-oxide can be applied. Even if In-Sb-Te and Ag-.n-Sb * Mm* f22 
do not con am Ge are used as the recording material, the Ge-N film and the Ge-N-O f ilmare effeSi^f 

descSSKo^A^SmZTJir iS in ! tia,i ^ ed ™» initialization is carried out by the laser irradiation, as 
below. Any other method, for example, the method using a flush exposure can be acolied Here the rfid, 
medium .s rotated at linear rate of 5m/s at uniform rate, and the laser beam haSng a wSelenr^ Tnn nm is SiS5 
-nsuch a manner that an obtong spot of , ^ x 100 m (a half value width) *Z^Z£&VZ^£^ 
"SU, mann ^ that 106 tongltudhal direction of the oblong spot thereof is a radius direction The cTS.Tza 
Z?VT* "* St 8 01 30 ^ot*™ f ™ an outer diameter to an inner diameS. ^ 

I me * ° f preparina the information recording medium according to one embodiment of the 

present ,nvent,on ,s shown. If the number of layeis and the layer thickness of the disk are cWged me iS 

, laH ^ th ! mTO l e ' 5 diSk com P risin 9 a Pi u ra'«y of laminated recording layers in which a multi-layer recordinq can be ear- 
ned out and a d*k comprising two laminated disks with rear surfaces thereof in which the reco* caTbe Suce?at 
both sides can be applied to the present invention. reproouceo at 

Next, the signal is recorded on the optical information medium prepared by the above method and ihe methnH «r 
rep.oduc.ng the record will be explained. In order to estimate the reding 2d ^SSSjSSSJi aTeS is 
T^^- i !, Pr0 r ided 3 semiconductor ^er light source whose ^i^eS^^St^ 
mounting an objective lens whose numerical aperture is 0.6, a linear motor for guiding tte optica headte ^n^ofirS 

f^Zf,STfl ^Sf ? SerV ° mecnanism tor controllino an attitude of the optical head and for irradiating a 

m^a^rS 

When the signal is recorded or overwrrtten. in the first place, the disk is rotated at a predetermined rate The linear 

i^tSr^eTr^"L h8 tJ 10 th6 ^ tfa *P^«-. Next, the focusing fe^hanism 

52!Tl5.^fT the laser spot « focused on the recording film surface. Next, the tracking servo mechanism is oper- 
ated so that the laser beam >s tracked to an optional track Next, the laser drive circuit is operated soVhat the . nLT^f 

a power level whose ,nad«at.on energy is relatively high and a crystallizing pulse portion having i J . ooweVlevel whose 

SS^SS^CST in ^ F,G ' 7 - TTle ^ inforin reco ^ ^-«S e S 

a n^'i f y « 3t a " amor P nous a «* a crystalline state alternately exist is formed. 

A peak pulse porbon compnses a usually so-called multi-path formed by further narrow pulse sequence. After the 
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irradiated portion in the amorphizing pulse portion is melted in an instant, the portion is quenched, thereby the portion 
is in the amorphous state, the irradiated portion in the crystallizing pulse portion is annealed, thereby the portion is in 
the crystalline state. 

Next, when the signal is reproduced, the irradiation power of the laser beam is set to a reproducing power level 
5 lower than the power level used for the crystallization in such a manner that the optical information recording medium 
is not further changed. The optically changed portion is irradiated with the laser beam, and a detector receives and 
detects a strength change generated corresponding to a difference between the amorphous state and the crystalline 
state of the reflecting light or the transmitted light. 

A pulse waveform is not limited to the waveform shown in FIG. 7. For example, as shown in FIG. 8, (A) the amor- 
w phizing pulse is modulated between the amorphizing power level and the level less than the reproducing power level, 

(B) only pulse widths of a top pulse and a tail pulse are relatively longer than the pulse width of a intermediate pulse, 

(C) the amorphizing pulse width makes equal, (D) when the laser beam is amorphized, without a pulse modulation, the 
beam is irradiated, (E) such a period that the pulse has the power level less than the reproducing power level is neces- 
sarily provided before and/or after the amorphizing pulse, or the waveforms as shown in (A) to (E) are combined to one 

15 another, etc.. Thereby, various recording systems, reproducing systems and erasure systems can be applied. 

A signal system is EFM. a shortest recording mark length is 0.61 Mm, and a shortest bit length is 0.41 pm The disk 
is fixed to a turn table, and it is rotated at 2045 rpm. At the position whose recording radius is 28 mm (linear rate 6m/s) , 
the overwrite of a random signal for recording a mark length within the range from 3T to 11 T on the groove track is 
repeated. The change of the signal amplitude and the jitter value (the ratio (osum/Tw) of a sum, that is, a sum of a 

20 standard deviation a of the jitter value of each signal mark3T-1 1Tto a window width Tw(= 34ns), the jitter value can be 
only 12.8% or less) is examined. 

For a comparison, three kinds of disks (A), (B), (C) are made on an experimental basis and estimated. The disks 
are as follows: (A) two disks comprising the structure according to the embodiment (a disk A1 is a Ge-N barrier layer 
disk, a disk A2 is a Ge-N-0 barrier layer disk), (B) a disk comprising a conventional structure, that is, the structure of 

25 the disk (A) except for the Ge-N barrier layer or the Ge-N-O barrier layer, and (C) a disk comprising the conventional 
structure in which an Sj 3 N 4 interface layer is formed instead of the Ge-N barrier layer or the Ge-N-O barrier layer of the 
disk (A) aocording to the embodiment. 

According to a first estimate item, after the record is repeated at 100,000 times, the jitter value (measured by such 
a method that the jitter between each mark front end and the jitter between each mark rear end are independently 

30 measured) is estimated. Such a case that both of the jitter between the mark front end and the front end and the jitter 
between the mark rear end and the rear end are less than a reference value and the jitter value is scarcely changed is 
represented by © . Such a case that although the jitter value is changed, the jitter value itsetf remains less than the ref- 
erence value is represented by O • Such a case that after 100,000-time repeating, the jitter slightly exceeds the refer- 
ence value is represented by a. Such a case that after 10,000-time repeating, the jitter value already exceeds the 

35 reference value is represented by X. The power for estimate is set to a higher value by about 10% than a lowest limit 
jitter value, where the lowest limit jitter value denotes the value when an initial jitter value satisfies the value less than 
12.8%. 

According to a second estimate item, after 100,000-time repeating in the above experimental track, the amplitude 
value is observed, and the result is estimated. Such a case that less change is found is represented by ©. Such a case 
40 that about 1 0% change is found is represented by O* Such a case that about 20% change is found is represented by 
a. Such a case that the amplitude value is reduced to more than 20% is represented by X. 

A third estimate item is a weather-proof. After the disks are left to stand under a high-temperature (90°C) and high- 
humid'rty (80%RH) environment for 200 hours and for 400 hours, the disks are examined with a microscope. Such a 
case that no change is found even after 400 hours is represented by © . Such a case that a slight peeling, etc. is found 
45 after 200 hours is represented by O- Such a case that a slight peeling is observed in 200 hours is represented by a. 
Such a case that a large peeling is observed within 200 hours is represented by X. 

The above experimental results are shown in a table 2. Thus, the structure according to the present invention is 
superior to the conventional structure in view of the repeating characteristic and the weather-proof. 

50 
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Table 2 



Result 1 of comparing the characteristics of the optical disk applying the 
barrier layer according to the present invention to those of the prior art 


Disk 


Estimate Items 




Jitter 


Signal Amplitude 


Weather-proof (Peeling, etc.) 


A1 


© 


© 


® 


A2 


® 


® 


® 


B 


A 


A 


© 


C 


o 


o 


X 



Next in order that the effect of the barrier layer relative to the erasure performance is confirmed the result of a com- 
panto* test is shown. A disk (D) comprising the structure shown in FIG 3B inwhteh th^btheTl'ayi fus^l on* a 

n w?,s:T yer t e of * e recording iayer in the «• 1 - and a ** & oon^sssjn^is^ 

Ln^Til r^l' 8 US6d 3t b ° th SWeS * the recordin 9 are praducS by L above ^ethoTSe disks ID) 
and (E) are mf^ed. The composition of the reflecting layer and the recording layer i S same as thaTof Ihe dlS (A) 

Thedisks (D1) and (D2) comprises a laminated-layer structure, in which a 2nS-Si0 2 protective layer (86 nm) a Ge- 
Sb-Te recording layer (20 nm). a Ge-N or Ge-N-O barrier layer (5 nm). an ZnS-SiO; protective layer 08 nm) 2 an 
Cr refl^,ng layer (150 nm) on the substrate. The disks (E1) and (E2) comprises a laminated-lay^r which 
m 5 : S, °2 P rot6ctlve (86 nm). a Ge-N or Ge-N-O barrier layer (5 nm) a Ge-Sb-Te recording layer So nm? a S 

l tiat T SV* nm) ' ZnS " Si ° 2 pr ° teCtive ,ayer < 12 nm >' and » reftecti^aye? S nm, * * 
Here when the Ge-N layer or the Ge-N-O layer is formed at the reflecting layer side of the recording laver com 

SSJSi * 6 ° e " N ° f thS QS - N -° layer fe formed at the *e £S StooTihe S 

at gas to 1 9.5% N 2 gas to 0.5% 0 2 gas. The sputtering is carried out at the total pressure of 20 mTorr As a result the 

The disks (A) to (E) are rotated at the linear rate 6m/s. and the resuft is receded according to the above method 
Sal itSST - h r"°l 3J ,enSth iS reCOrded ^ after C/N ra *> * measured. immSiate.y*e <Snfe 
2eV ZStSi S£Z f y Siflna ' fe and 9 damp " 1fl faCt0r ra,io < a d6 ° ree 01 erasure)^! 
is rtoroi aS ?? SlJTS ' S 4,16 diSkS *• ,eft to Sland in a dryer at *>'• *• "■""«• <* the 1 1T sijal 

z^rSVj^xr ,s measured - ™ e ,ea * n9 time is ^ conditions ' ,hat is - 100 a - 200 

^^f 1 !*- 31516 3 " ^ that 3 sufficient, V hi sh erasure ratio more than 35dB is obtained. O denotes that the 

erasure rato more than 30dB is obtained, a denotes that the erasure ratio more than 26dB is SaiVec \x££t£it 

ZlT T rat ° 18 r6dUCed 10 l8SS than 26dB " Tlhereb y' * he GeN barrier layer or the Ge-N-O barrieTlayeMs aSl 2 
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Table 3 



Result 2 of comparing the characteristics of the 
optical disk applying the interface layer according 
to the present invention to those of the prior art 


Disk 


Estimate Item 




Immediately After 


100H 


200 H 


A1 


® 


O 


A 


A2 


® 


o 


A 


B 


® 


A 


X 


C 


® 


A 


X 


D1 


® 


© 


O 


D2 


© 




O 


E1 


© 


© 


® 


E2 


® 


© 


® 



Henceforth, according to more detailed experimental data, the present invention will be explained in detail. FIG. 9 
schematically shows a film formation apparatus used for the following experiment. A vacuum pump (not shown) is con- 

25 nected to a vacuum container 49 through an air outlet 50 so that a high vacuum can be kept in the vacuum container 
49. From a gas supplying opening 51 , the Ar gas, the nitrogen gas, the oxygen gas or the mixed gas of them can be 
appropriately provided at a constant flow rate on demand. A numeral 52 denotes a substrate. The substrate 52 is 
mounted to a drive apparatus 53 for rotating the substrate 52. A numeral 54 denotes a sputter target. The sputter target 
54 is connected to a negative electrode 55. Here, a disc-shaped material having a diameter of 10 cm and a thickness 

30 of 6 mm is used as the target. The negative electrode 55 is connected to a direct current power source or a high-fre- 
quency power source through a switch (not shown). Furthermore, the vacuum container 49 is grounded, thereby the 
vacuum container 49 and the substrate 52 are kept a positive electrode. 

(Example 1) 

35 

The optical disks having the layer structure shown in Figs. 3A and 3B (a disk (1) and a disk (3) in a table 4) are 
made on a experimental basis. The recording layer 3 comprises a phase change material whose main component is a 
Ge2Sb2.3Te5 alloy, and the dielectric protective layers 2 and 4 comprises a ZnS-Si0 2 f Nm. When the film is formed, the 
gas is supplied in such a manner that each total pressure of the Ar gas becomes 1 .0 mTorr and 0.5 mTorr, respectively 

40 and each of the powers DC1.27 W/cm 2 and RF6.37 W/cm 2 is introduced into the negative electrode 55, respectively. 
Furthermore, when the reflecting layer (AlCr) 5 is formed, the Ar gas is supplied in such a manner that the total pressure 
becomes 3.0 mTorr, thereby the power DC 4.45W/cm 2 is introduced. 

In the disk (1), after the dielectric protective layer is formed, sequentially, the barrier layer 8 is formed. In the disk 
(3), after the recording layer 3 is formed, sequentially, the barrier layer 8 is formed. In this case, Ge is used as the target, 

45 and the mixture of Ar and nitrogen is used as the sputter gas. Furthermore, the sputter gas pressure is 20 mTorr, the 
partial pressure ratio of Ar to nitrogen in the sputter gas is 2 : 1 , and the sputter power is RF700W. Since the target is 
a disc whose diameter is 10 cm, converted into a sputter power density, the sputter power density is 6.37W/cm 2 . 

The film thickness of each layer is as follows: the disk (1) comprises the dielectric protective layer 2 having 86 nm, 
the barrier layer 8 having 5 nm, the recording layer 3 having 20 nm, the dielectric protective layer 4 having 1 7.7 nm and 

so the reflecting layer 5 having 150 nm, and the disk (3) comprises the dielectric protective layer 2 having 91 nm, the 
recording layer 3 having 20 nm, the barrier layer 8 having 10 nm, the dielectric protective layer 4 having 15.2 nm and 
the reflecting layer 5 having 150 nm. As a comparative example, the conventional structure shown in Fig. 1 (a disk (0)) 
having no barrier layer is similarly produced, and it is compared lo the disks (1) and (3). The disk (0) is provided with 
the dielectric protective layers 2 and 4 comprising the mixture of ZnS and SiOg, and each layer film thickness is 91 nm 

55 and 1 7.7 nm, respectively. Furthermore, the recording layer 3 comprising a Ge2Sb2.3Te5 alloy has the film thickness 
of 20 nm. The reflecting layer 5 comprising AlCr has the film thickness of 1 50 nm. 

The repeating characteristic of the disks (1), (3), (0) is shown in a table 4. In the table 4, the repeating record char- 
acteristic is examined by the following method. That is, as described above, the EFM signal system is used. When the 
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shortest mark length becomes 0.61 nm. the marks 3T to 11T are recorded. The value resulted from dividino the iftter 

to as the rtte value) .s ©cammed. As a result, the case that after 1 50.000-time repeating record, both of the jitter value 
SSX^ST* ^ jitter , ValUe b6tWeen the rear ends do not ^ceed 1 3% I represented by @ ' ThTcase 
SLS^th 1 °l me reP ^ n9, al,h0U9h 31 leaSt either 1,18 ' itt6r value betwe en the front ends or thVjitter vSue 
A Z^lZtT 5Si?* 8fter 100 ' 000 - time ""P"** both of Ihem do not exceed 13% is represent^ by 
StwLl t 3 31 100 -™>- ,,me "P«hB. « least either the jitter value between the front ends or the jitter value 
between the rear ends exceeds 13% is represented by X. Thereby, in the disk provided with the barrier layer 8 having 
the structure accoid.ng to the present invention, compared to the prior art. the repeating timrn^S^lS* 

(Example 2) 

M the protective layers at the substrate side of the disk (1) in the table 4 in the example 1 are changed to the Ge- 
N layer or the Ge-N-O layer, thereby a disk (5) is formed (accordingly, the Ge-N protect.^ layer or ST35*0 ortfet 
ive ayer whose thickness is 91 nm is formed at the substrate side of the recording layer), fim Tali toe 
ZZ^c^^T ^ ° f diSk (3) " *" taWe 4 are to theGe-N KHiSKSSE 

S^ilTfl IT*, 5"? ,n9ly> 1,16 Ge - N prrt8 ** ,ayer or 1,16 Qe - N -° P rotective Ser whose 
25.2 nm is formed at the reflecting layer side of the recording layer). The repeating characteristic of disks (Si and ren te 
exam,ned by the same method as the example 1 . Both of them cmL^^^S^^^^S, aver 
or the Ge-N-O .ayer can be formed in such a manner that the Ge-N layer or the Ge N-O ca uSai! "a riSXZ 
necessary for the protective layer Furthermore, even in this case, the excellent repeating SES 

(Example 3) 

Next, the recording layer 3 comprises a phase change material whose main component is a Ge2Sb2 3Te5 altov 
T n nT* T ' aye lf. iS tormedl 86 iS USed 88 *• ar * » e <* at and nitrogen is uSas melpS 

(4)). In this case, the film th.ckness of each layer is same as the thickness in the above case that Ge is used as toe tar- 

£2 SS?£T fT" * *? b8rrier ' ayer 8 iS 20 mTOrr " and * e Partal > r888u ' e of* o nToJ n in toe 
Sle 4. ' ^ ° f the rePeatinfl characteristic is shown in disk numbers (2) an?(4) in toe 

num^^!2?i°i h w e a tab,e 4 ". ° 0 ^ te V° 0386 Ge 18 **" as the ^get so that the film is formed, although the 
number of repeatable tomes .s .nfenor, better repeating characteristic can be obtained than the comparative example 



Table 4 



Result 3 of comparing the characteristics of the optical disk applying the 
barrier layer according to the present invention to those of the prior art 



Disk 
Number 


Layer 
Structure 


Target of the 
Barrier Layer 


Repeating Characteristic 


(0) 


I FIG. 1 


No Target 


X 


(1) 


FIG. 3A 


Ge 


© 


(2) 


FIG. 3A 


Sb 


O 


(3) 


FIG. 3B 


Ge 


® 


(4) 


FIG. 3B 


Sb 


o 



(Example 4) 



rierlaS'^ 

r.er layer 8 the range of the film formaton condition which can obtain a better characteristic is examined 
retin^S S2! emb °? ment ' 4,16 total s P utter »* Pressure is constantly set to 20 mTorr. and the partial pressure 
ratio of Ar and nrtrogen in the sputter gas has three kinds of ratio, that is, 2 : 1 , 1 ■ i and 1 ■ 2 The soutte £J~t?cl 

Ser » r^Ten'rjr- 7iow : 75ow ' 1 m i - 5wwand2kw -^^J^xszsz 

eter is 1 0 cm, when the sputter power is converted into the power density, the respective sputter powers are changed 
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to 1.27W/C01 2 . 3.82W/cm 2 , S.37Wcn£, B.9MfcrrP, aOAW/cm 2 9.55 kW/cm 2 , 12.7 kW/cm 2 , 19.1 kW/cm 2 and 25.5 
W/cm 2 , respectively. Thereby, the film is formed, and the characteristic of the disks is examined. When the partial ratio 
of Ar and nitrogen is changed to 2 : 1 , 1 : 1 and 1 : 2, respectively, the flow rate of nitrogen is constantly set to 50 seem, 
and the flow rate of Ar is changed to 100 seem, 50 seem and 25 seem corresponding to the flow rate of nitrogen 50 

5 seem. The main valve of the vacuum pump is throttled, thereby the sputter gas total pressure is set to 20 mTorr. 

The layer structure is constructed similarly to the disks (1) and (2). The film thickness of each layer is as follows. 
The dielectric layer 2 is 86 nm, the barrier layer 8 is 5 nm, the recording layer 3 is 20 nm, the dielectric layer 4 is 17.7 
nm and the reflecting layer 5 is 1 50 nm. The repeating characteristic is examined by the method shown in the example 
1 . The result is shown in a table 5. Furthermore, the adhesiveness is adopted as the estimate item of the weather-proof. 

10 The acceleration test is carried out at 90°C at 80%, a sampling is carried out in 100 hours, 150 hours and 200 hours, 
and the sample is observed with an optical microscope in order to find whether the peeling exists or not. The result is 
shown in a table 6 A. In this case, the generated peeling is substantially ranging from 1 p,m to 10 © denotes the 
case that the sampling after 200 hours is not peeled at all. O denotes the case that although the sampling after 100 
hours and 150 hours is not peeled, the sampling after 200 hours is peeled, even if slightly, a denotes the case that 

75 although the sampling after 100 hours is not peeled, the sampling after 1 50 hours is peeled, even if slightly. X denotes 
the case that the sampling after 100 hours is peeled, even if slightly. 



Tables 



Relationship between a film formation condition 
of a barrier layer applied to a substrate side of 
a recording layer and a cycle performance 


Sputter 
Power (W) 


(Ar partial pressure) : (Nitrogen 
partial pressure) 




2 : 1 


1 :1 


1 :2 


100 


X 


X 


X 


300 


O 


o 


X 


500 


o 


o 


X 


700 


o 


o 


X 


710 


o 


o 


o 


750 


o 


o 


O 


1000 


o 


o 


O 


1500 


o 


o 


O 



45 



50 
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Table 6A 



w 



15 



20 



Relationship between a condition of forming a film of a barrier layer 
applied to a substrate side of a recording layer and a weather-proof 



Sputter 

Pivuu AAA 

rower \ Vv J 


(Ar partial pressure) : (Nitrogen partial pressure) 




2. 1 


1 : 1 


1 :2 


100 


O 


O 


X 


300 


O 


O 


X 


500 


O 


O 


X 


700 


® 


O 


X 


710 


® 


© 


A 


750 


© 


® 


o 


1000 


® 


® 


o 


1500 


<§> 


® 


® 


2000 j 


® 


® 


® 



25 ° f * he r9p6atin9 characteristic, when the sputter power is more than RF300W, better characteristic 

£n be in «*J? *° "T^T*. "* en the SpUtter ^ is ^ RF100W - bett <" good characteristic 

can be obtained. In either cases, the higher the sputter power becomes, the better the characteristic can be obtained 

This reason is that the higher the sputter power becomes, the denser film can be formed 

etJZSS l ° the K nitr S. en ^ r,ia ' pressure - in c^e of (Ar partial pressure) : (nitrogen partial pressure) = 1:2. better 
characterise can be obtained only within the sputter power range more than 71 0W. when the nitrogen partial pressure 

tSaZi^mm apP , rCpriate since a sur P ,us nitr °9 ari <** combined to Ge exists in the barrier layer, it is 

* 9 B 9eneratSd dUS to the SUrplUS nitr09ea ° n the 8ame condition of me partial pres- 

sure, whenthe sputter power is .ncreased, there is reduced a possibility that the Ge atom sputtered on thetargatV 

n " r .° 9en Until the Sputtered Qe is attached to tne substrate surface. Thereby, since a 
obtM \Z££ 5 nrtr °° en redUC6d ' il iS SXPeCted th3t th6 r69i0n Where betler chara cta^c can be 

As an analyzing result of the average composition ratio of the barrier layer 8 which can obtain better characteristic 
TrZ^L \T Br T C0 Z po& ^ on ratio of 0 and N * within the range surrounded by four condition points 

»»♦ I^T 6 ™ 1 '^^! ° f e8 " N iS US6d aS 1,16 tar9et and * e mixed 9 as of tne rare 9 as and nitrogen is provided so 
that the f.lm is formed, there is a tendency that if the sputter power is relatively small, the Qe-N-0 film containing a lot 

SformeT ' '* ^ Ge ' N fi,m " h ~ °™>en-con,en, « o^TJliJ 

As described above, preferably, the sputter power has the power density more than 1 .27 Wen* When the power 

Se^SnX™^, 3 ^ ' recorded repeating characteristic can be obtained. ETthis 

cas* a film formation rate is 18 nnVm.nute. when Ar partial pressure : nitrogen partial pressure =11 Preferably the 
film formation rate is more than 18 nm/minute. f*«**.ure . . rreteraoiy. the 

so (Example 5) 

»h« «!2J > !f a ? ,ferenCe d th f u Sk characteristic is examined according to the difference of the partial pressure ratio of 
llJff J* Pre f and the n,fr<>9en P** 81 pressure in the s P utter 9 a s- Thus, the layer structure comprises the 
SL*"*" in 3A ■* 3E - <* « used as the target, and the sputter power is constantly set to RF7MW when 
the total pressure of the sputter gas. Ar partial pressure and the nitrogen partial pressure are changed the chararter 

SnSSSTi A F l 3A '!r J* C0mpriS6S 3 ZnS " Si ° 2 protective *" whose ' *n thickness is £ 1 a GeT* 
Ge-N-O barrier ayer whose film thickness is 5 nm, a Ge-Sb-Te recording layer whose film thickness is 20 nm. a ZnS- 
S.0 2 protective layer whose film thickness is 17.7 nm and an AJCr reflecting layer whose film thickness is 150 nm. A 
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FIG. 3E-type disk comprises a ZnS-Si0 2 protective layer whose film thickness is 91 nm. a Ge-Sb-Te recording layer 
whose film thickness is 20 nm, a Ge-N or Ge-N-O barrier layer whose film thickness is 17.7 nm, and an AlCr reflecting 
layer whose film thickness is 150 nm 

The repeating characteristic is estimated by the same method as the example 1 to 3. The weather-proof is esti- 
mated by the same method as the example 4. A table 6B shows the film formation condition and the estimate result. In 
the table 6B the disk (0) denotes the conventional disk in the example 1 . Furthermore, marks are represented two by 
two, where the left mark and the right mark correspond to the result of the FIG. 3A-type disk and the result of the FIG. 
3E-typedisk, respectively. 

Table 6B 

Relationship between a sputter condition of a barrier 
layer applied to a substrate side of a recording 
layer and a disk performance 



Disk No. 


Total 
pressure 
(mTorr ) 


Partial 
pressure 
ratio 


Weather- 
proof 


Repeating 
character i 
stic 


2A 


2E 


2A 


2E 


(0) 






® 


X 


(5) 


1.0 


1 : 2 


X 


X 


X 


X 


(6) 


3.0 


1 : 2 


X 


X 


X 


X 


(7) 


10.0 


1 : 2 


X 


X 


X 


X 


(8) 


20.0 


1 : 2 


! x 


X 


X 


X 


(9) 


30.0 


1 : 2 


X 


X 


X 


X 


(10) 


1.0 


2 : 3 


A 


X 


X 


X 


(11) 


3.0 


2 : 3 


A 


X 


O 


o 
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(12) 


10.0 


2 : 3 


A 


X 


o 


o 


5 


(13) 


20.0 


2 i 3 


A 


X 


O 


O 




(14) 


30.0 


2 : 3 


A 


X 


O 


o 


10 


(15) 


1.0 


1 : 1 


O 


A 


X 


X 


(16) 


3.0 


1 : 1 


O 


A 


O 


O 




(17) 


10.0 


1 : 1 


O 


A 


O 


O 


15 


(18) 


20.0 


1 * 1 


O 


A 


O 


O 




(19) 


30.0 


1 : 1 


O 


A 


o 


o 




(20) 


1.0 


3 : 2 


O 


A 


o 


o 


20 


(21) 


3.0 


3 t 2 


O 


A 


o 


o 




(22) 


10.0 


3 : 2 


O 


A 


o 


o 


25 


(23) 


20.0 


3 : 2 


O 


A 


o 


o 




(24) 


30.0 


3 : 2 


O 


A 


o 


o 




(25) 


1.0 


2 : 1 


© 


o 


X 


x 


30 


(26) 


3.0 


2 : 1 


© 


O 


o 


o 




(27) 


10.0 


2 : 1 


© 


O 


o 


o 


35 


(28) 


20.0 


2 : 1 


© 


O 


o 


o 




(29) 


30.0 


2 : 1 


© 


O 


o 


o 




(30) 


20.0 


80 : 20 


© 


® 


o 


o 


40 


(31) 


20.0 


85 : 15 


© 


© 


o 


o 




(32) 


20.0 


88 : 12 




© 


o 


o 


45 


(33) 


20.0 


90 : 10 




© 


X 


o 




(34) 


20.0 


95 : 5 


© 


© 


X 


o 




(35) 


20.0 


100 : 0 


© 


© 


X 


X 


50 


(36) 


10.0 


75 : 25 


© 


© 


O 


o 




(37) 


10.0 


80 : 20 


© 


© 


X 


o 
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(38) 


10.0 


85 : 15 




© 


X 


O 


(39) 


10.0 


90 : 10 




© 


X 


X 


(40) 


10.0 


100 : 0 


© 


© 


X 


X 



10 

Figs. 10 and 1 1 , and Figs. 12 and 1 3 show respective cases of the repeating characteristic and the weatherproof. 
Here, the nitrogen partial pressure is represented by an abscissa axis, and Ar partial pressure is represented by an 
or<3 nate axis. 

In the first place, in case of the 3A-type disk, as shown in FIG. 10, the film formation condition which can obtain 
15 better repeating characteristic is the case that the total pressure of the sputter gas exceeds 1 mTorr. Furthermore, when 
the total pressure is 10 mTorr, the nitrogen gas partial pressure in the sputter gas is ranging from 25% to 60%. Further- 
more, when the total pressure is 20 mTorr, the nitrogen gas partial pressure in the sputter gas is ranging from 12% to 
60%. 

Furthermore, as shown in FIG. 12, the film formation condition which can obtain better weather-proof (adhesive- 

zo ness) is the case that the total pressure of the sputter gas is more than 1 mTorr, similarly to the case of the repeating 
characteristic In both cases of the total pressure 10 mTorr and the total pressure 20 mTorr, similarly, the nitrogen gas 
partial pressure in the sputter gas is within the range less than 60%, preferably less than 50%. 

Next, in case of the 3E-type disk, as shown in FIG. 1 1, the film formation of the barrier layer condition which can 
obtain better repeating characteristic is the case that the total pressure of the sputter gas exceeds 1 mTorr. Further- 

25 more, when the totaJ pressure is 10 mTorr, the nitrogen gas partial pressure in the sputter gas is ranging from 15% to 
60%. Furthermore, when the total pressure is 20 mTorr, the nitrogen gas partial pressure in the sputter gas is ranging 
from 5% to 60 %. Furthermore, as 6hown in FIG. 1 3, the film formation condition which can obtain better weather-proof 
(adhesiveness) is the case that the total pressure of the sputter gas is more than 1 mTorr, similarly to the case of the 
repeating characteristic. In both cases of the total pressure 1 0 mTorr and the total pressure 20 mTorr, similarly, the nitro- 

30 gen gas partial pressure in the sputter gas is within the range less than 40%, preferably less than 33%. 

According to this analysis, the composition range of the Ge-N or Ge-N-O layer which can obtain better character- 
istic is examined. When this material layer is disposed at the substrate side of the recording layer, as shown in the tri- 
angular composition diagram shown in FIG. 5, the average composition ratio is within the region surrounded by four 
points, D1 (Ge60.0N40.0), D4(Ge48.8N 10.2041 .0). G1(Ge35.0N65.0). G4(Ge31.1N13.8055.1). 

35 Furthermore, when the material layer is disposed at the side opposite to the substrate of the recording layer, the 
average composition ratio is within the range surrounded by four composition points, B1 (Ge90.0N10.0), 
B4(Ge83.4N3.3013.3), F1(Ge42.9N57.1), F4(Ge35.5N12.9051.6), more preferably, the composition range sur- 
rounded by four composition points, C1 (Ge65.0N35.0), C4(Ge53.9N9.2036.9), F1(Ge42.9N57.1), 
F4(Ge35.5N12.9051.6). 

40 Regarding the repeating characteristic, when the nitrogen partial pressure in the sputter gas is low, since a lot of 
surplus Ge not connected to the nitrogen exists in the barrier layer. Accordingly, the composition of the recording layer 
is changed, accompanied by the rewrite of the signal. Thereby, better characteristic cannot be obtained. Since a tem- 
perature rise at the reflecting layer side of the recording layer is lower than that at the substrate side, a degree of the 
atom diffusion is relatively small, thereby the condition that the N 2 partial pressure is low can be used. On the contrary, 

45 when the nitrogen partial pressure in the sputter gas is too high, a lot of surplus nitrogen exists in the film. In this case, 
better repeating characteristic cannot be obtained. 

Regarding the adhesiveness, when the nitrogen partial pressure in the sputter gas is high and a lot of surplus nitro- 
gen exists in thefilm, the peeling is generated after the acceleration test. When the nitrogen partial pressure is low and 
the surplus Ge not combined to the nitrogen exists, the peeling is not generated. It is expected that the more Ge not 

so combined to the nitrogen and oxygen exists, the higher an affinity for the recording layer component becomes. 

As described above, in order to obtain the disk having better repeating characteristic of the record and the adhe- 
siveness, the sputter gas condition (gas pressure, component ratio) is clear. When the sputter gas total pressure 
exceeds 50 mTorr, the film formation rate becomes small. Accordingly, it is not practical. 

The film formation condition is the case that when the Ge-N or Ge-N-O layer is formed, the power density to be 

55 introduced into the target is 8.91 W/cm 2 . When the power to be introduced into the target is more than 8.91 W/cm 2 , a 
time until the Ge atom sputtered on the target surface is attached to the substrate surface becomes shorter than the 
above case, thereby nitriding and nitriding-oxidation are hardly generated. In this case, according to the rate, the nitro- 
gen partial pressure in the sputter gas is appropriately increased, thereby the similar effect to the case that the power 
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'SL^nZl^^ ° b,ained - °" th ? When ** introducin 9 »«* is ,ess than 8 91 w *™ 2 . «nce the 

2 2 h 9 ^ n,tridl "9- oxldatlon are excesavely generated, according to toe rate, the nitrogen partial pressure can be 
only adjusted in such a manner that the nitrogen partial pressure of the sputter gas is appropriately reducS 

uJ^r^il^^f^' 6 in the SpUtter 038 is more than *«« 90% . the sputtering is more or less 
Si 2™ ,n 25 25* t J 116 * Ufl ° f * e Sputter ^ and the film formatton ^e ifset to an optionaJ vate 
22£TiTF5£3 JTI "'^ ° f nitrd& ™ ide can be formed - As described above, preferably, the sputter power 
density > 1.27 W/cm 2 , and the film formation rate ^18 nm/minute. 



(Example 6) 



ined S ITiZ * ° 0ndrt,0n "J*** 8 * 106 chan 9« °f the optical constant of the barrier layer is exam- 

mSrr vSlSSSSJ^ £T * ° e iS ** to 700W " and the ^sure is constancy set to 20 

S^r^ rST,-^ P c re8SU ^ rati0 in 816 sputter sas is chan 9 ed - that *■ of the complex ref rac- 
; ^**7MW 1£ 2. -2T w f ' 1 0 and 1 1 is examined - ™ e 'esuft is shown in FIG. 14 Furthermore, toe sputter 
to^.l?n« • h !5T a u PreSSUre 16 COnBtant,y set 10 10 mTorr - the "ifrogen partial pressure ratio in 
2^ charjaed toat .s. the change of the complex refracts index of the film on a line a' in Figs. 10 and 11 
is e«m.nedj-he result is shown .n FK3. 15. Next the partial pressure ratio of Ar and the nitrogen in the sputter gas is 

is us2?t£S^2EK l ° ?"? aPP ' iCati0n ra " 8e * the nitrogen partial P ressura ' ^ the barrier layer 
^S°2i S n s 2.8 and 0 £ n s 0.3. Furthermore, when the barrier layer is used at the side opposite Z 
rang'of iT.n SXSS EST" 1 '* ^ ^ ^ "* * 1,16 ^ ' aye ' the 
J^ 6 " fi ' m c ° m P° siti0 ' 1 is ^a'yzed. if the film is formed by using the sputter total pressure 1 0 mTorr the oxyoen 

22X ' S TrST? £l2 from t0 ^ 0686 ° f ,hS ^ total P^ure 20 mTorr. toe oxygen Sty is Zino 
about from 1 0% to 20%, which is little more than toe case of 1 0 mTorr V 99 

like SS^SliSSS fcf^^T " H th6 fi ' m for T i0 " COndition such as W P^er. toe sputter gas or toe 

,Z iSf S. I ^2 . 5UCh 3 mann6r 1,131 the co " 1p,ex refractive inde * ° f *» Gs-N film or the Ge-O-N 

film satisfies the above range. Thereby, better characteristic can be obtained. 

(Example 7) 

. Na ^" e ^ pt *** 108 structure comprises a barrier layers 8 whose film thickness are 10 nm 20 nm resoectivelv 
and a ZnS-S.02 protectee layers 2 of toe substrate side whose film thickness are 81 nm. 65.8 nm!re^vSTS 2E 
type disk having the same layer structure and the film thickness as toe example 4 is produced The film fa™Z™ 
diBon of the barrier .ayer 8 is as follows: the sputter power is RF700W. £gtL tSSSSt ?S ZTZ ^r 
t^he^e e «se iS2 ° ^ Ar ^ ial : ^ a partia. pressure -T 1 . and £^ES! iteSr 

aver^c^^ 
(Example 8) 

on« !J2h!2^22?"I! T*" ' ayer iS aPPli&d iS Sh0Wn by oom P arin fl the dj sks having different layer structure to 
one another. A table 7 shows the structure of the experimentally made disks and the estimate result of to* r^Lr 
formance thereof. In toe table 7. DL denotes the protective layer'containinglnS ^ZStoZiXS, 

SKduiSTn 0 ^ 1,16 mat6ria ' iS Chan96d °' material iS the descnptionSas DLfGe- 

ma tZT e A f a !TnZ t ! K)d iS Same 38 thS 0386 0f the 131316 2 ^ is ' j'« er value and toe arrplitude va,ue are esti- 
™T< T l 00 -^ time rscord . Jitter value (measured by such a method that toe jitter between eTh 

2222 ! ? *£! 6 jm ! r betW6en e3Ch mark rear end are independently measured) is estimated SuSa S 
2?* ,t l ej,tter 1 be ^ Wntherark,rOT,e ^ sa ^ the jitter betweer,toerr^^ 

El — TST ' 5 ^ e ' y Chan96d ' S re P re8ented bv ® ^ « cese that although toe jitter va^e s changed le 
jitter value .tsetf remains less than the reference value is represented by O- Such a case that after 100 ooo iimp 
repeating ttie jitter sligh«y exceeds the reference value is relented by 1 Such a case Z atn WOO^pS 
ing. the jrtter value already exceeds toe reference value is represented by X. The estimate power is set to a higher Se 
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by about 10% than the lowest limit jitter value, where the lowest limit jitter value denotes the value when an initial jitter 
value satisfies the value less than 12.8%. Furthermore, after 100 ,000 -time repeating, the amplitude value is observed. 
Such a case that less change is found is represented by ©. Such a case that about 10% or less change is found is 
represented by O- Such a case that about 20% change is found is represented by a. Such a case that the jitter value 
is reduced to more than 20% is represented by X. The table 7 shows the fdlowings: 

1) in case of no reflecting layer (a disk 41), the amplitude value is severely reduced, and the jitter value rise is large. 
However, the barrier layer is provided, thereby it is possible to obtain a considerable effect of the jitter performance 
and the amplitude performance (disks 42 and 43), 

2) even if the reflecting layer is provided, when the reflecting layer id thin, or if the layer between the reflecting layer 
and the recording layer is thick (a disk 44 : in general, a so-called annealing structure), the same effect as the case 
that the reflecting layer is thick or the layer between the reflecting layer and the recording layer is thin (a disk 47 : 
in general, a so-called quenching structure) cannot be obtained, 

3) if the barrier layer is applied to the annealing structure, a considerable effect can be obtained (disks 45 and 46), 

4) in the quenching structure, the barrier layer is only disposed at one side of the recording layer, thereby the con- 
siderable effect can be obtained. 

That is, in the structure having no reflecting layer or in the structure in which the protective layer raving a thick thick- 
ness (for example, more than 80 nm) is formed between the recording layer and the reflecting layer, the barrier layer is 
considerably effective relative to the jitter value reduction and to the suppression of the amplitude reduction due to the 
repeating record. When many repeating times is necessary, the barrier layer is essential. Recently, in many cases, the 
above annealing structure can be applied to the optical disk overwriting at a high speed (for example, Noboru Yamada 
et al. Thermally balanced structure of phase-change optical disk for high speed and high density recording", Trans. Mat. 
Res. Soc. Jpn., Vol. 15B, 1035, (1993)). Accordingly, a combination of the annealing structure and barrier layer gener- 
ates a large effect. 

On the other hand, the structure having a thin protective layer (for example, 60 nm or less) formed between the 
recording layer and the reflecting layer is provided with the barrier layer as the protective layer. Thereby, more specifi- 
cally, the amplitude performance can be enhanced. Accordingly, much more repeating times can be achieved. 

Table 7 Effect comparison of the barrier layer relative 



to various layer structure 



Disk 
number 


Disk layer structure 


Repeating 
performance 


Jitter 


Amp litu 
de 


41 


DL AL DL 
90 nm 22 nm 82 nm 


X 


X 


42 


DL BL AL DL 
80 nm 10 nm 22 nm 82 nm 


O 


O 


43 


DL BL AL BL DL 
80 nm 10 nm 22 nm 10 nm 72 nm 


® 


® 


44 


DL AL DL RL( A 
90 nm 22 nm 80 nm u) 

10 nm 


A 


X 


45 


DL BL AL DL RL( A 


O 


O 
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80 run 10 run 2 2 nm 90 run 






5 




u) 
10 nm 








46 


DL BL AL DL(GeNO) 
80 run 10 nm 22 nm 90 nm 


RL(A 
u) 
10 nm 


@ 




10 


47 


DL AL DL 
^ v ***** ^ a iimou mn 


RL 
150 
nm 


o 


A 


15 


48 


DL BL AL DL 
90 run 10 nm22 nm60 nm 


RL 
150 


® 


© 


20 


49 


D ^ AL DL(GeNO) 
90 nm 22 nm 60 nm 


RL 
150 


® 








nm 






25 


50 


DL BL AL DL(GeNO) 
90 nm 10 nm 22 nm 60 nm 


RL 

150 

nm 




@ 



30 (Example 9) 



35 



40 



45 



50 



55 



Whether or not the material layer except for the Ge-N, Ge-N-O layer can be used as the barrier layer is examined 
As a ma ena. candidate. Si-N. Si-N-O, SiC. Sb-N-O, Zr-N-O. Ti-IM, Al-N and Al-N-O sr^^Z^L ^SSS 
» oonctoon m selected. Two kinds of compositions, that is. (A) a stoichiometric caa^JS^m^S^ 

TTsi^^T^ h 1 TK ~, * e ^ 5toichio ™ ri ' imposition tested. The «S 

a F GjJG-type structure. The barr.er layer has the thickness of 10 nm. The medium structure comprises a ZnSe-SiO 
protects layer whose thickness is 80 nm. the barrier layer, a Ge 2 Sb 2 .5Te5 recording CwkSXcSe^?s lo nm 
a barner material layer whose thickness is 20 nm. and an Au reflecting !ayer whose thickness is 50 nm debited on^ 
ESlu^ «*™.*;<*™<*j 12 mm by the sputtering met/od. After overcoa^g a hot me^2 ° e ^ 
wV™ • Plate ' 5 lam,na,ed - Ne * ^ initial crystallization is carried out by the laser method. Furthermore 

Ze^r:^™™ ^ barr T? yer fS ^ US6d iS 3180 Prepar6d - These «■ are rotated ^ a S 

Inn S j£ S ' 9nal (rand ° m S ' 9nal) hav,nfl the 3T m ark whose length is 0.6 nm is repeatedly overwritten 

Si ZSSSS^ZT^ «TLT e ^ e di8ks " ,eft to under ' he acce,era «°" 

au l, ana 80%rh for 100 hours, and the state of the disks is estimated 

reoJtlnnTJ^ri^ a ^xt 8 - ' n i he * re9ardinQ thS <** P^mance. O means that after 100,000- 
repsat.ng. the effea is obtained. That is. there is such an advancement that the jitter value rise and the amplitude value 
reduction are clearly less than the reference value, a means that a little effect is obtained. X rn^ns tnaf n7e«S is 
obtained. Furthermore, regaling the weather-proof. O means that no change is detected X means tnattS a 
change as he peeling, etc. is detected, a means that a little change such as the peeling, etc. fe detect Thus regard 

32 th?^o Pe ™ manCe ' ,h8re J 6 3 tendenCy that b0th of W and < B > are im P™«*- Riding me wS- 

K^taSTJPnlSS; h* 1 6 i r0UP (A> - ^ * *«• iS mWi P 085 ^ that the «>mpositioncontatning wSSL 
N.O or the like than the stoichiometric composition can be applied to the barrier layer. 
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Table 8 



Comparison of barrier materials 




Material composition 


A 


B 






Cycle 


Weatherproof 


Cyde 


weatherproof 


51 


Si-N 


A 


X 


A 


A 


52 


Si-N-O 


A 


X 


o 


o 


53 


SiC 


A 


X 


o 


A 


54 


Sb-N 


A 


X 


A 


o 


55 


Sb - N - 0 


A 


X 


A 


o 


56 


Zr- N 


A 


X 


o 


o 


57 


Zr - N - O 


A 


X 


o 


o 


58 


Tl-N 


A 


X 


o 


A 


59 


Al-N 


A 


X 


o 


A 


60 


Al-N-O 


A 


X 


o 


o 



As described above, according to the present invention, it is possible to provide the optical information recording 
25 medium in which the change of the recording characteristic and the reproducing characteristic due to repeating the 
record and reproduction is lower and further the weather-proof is excellent, the producing method thereof and a method 
of recording and reproducing the information. 

Claims 

30 

1. An optical information recording medium comprising 

a barrier layer comprising a barrier material, 

a protective layer disposed at one side of said barrier layer; and 

35 

a recording layer generating a reversible phase-change which can be optically detected according to an 
irradiation of an energy beam, said recording layer being disposed at the other side of said barrier layer; 
and wherein 

said barrier layer suppresses a diffusion of at least either an element of said recording layer or an element 
40 of said protective layer, and/or said barrier layer suppresses a chemical reaction between an element of 

said recording layer and an element of said protective layer. 

2. An optical information recording medium according to claim 1 , wherein said protective layer contains barrier mate- 
rial as a main component. 

45 

3. An optical information recording medium according to claim 1 , wherein said either protective layer consists of bar- 
rier material. 

4. An optical information recording medium according to claim 1 ,2 ,or 3, wherein said recording layer is between pro- 
50 tective layers containing barrier material , between said barrier layer ,or between said barrier layer and protective 

layer containing barrier material and when said barrier material is represented by M a Xk (where, M denotes a single 
non-gas element or a compound of a plurality of different non-gas elements, and X denotes a single gas element 
or a compound of a plurality of different gas elements), a value b/(a+b) of the barrier material of said recording 
layer existing at the energy beam-incident side is larger than that of the barrier material existing at the side opposite 
55 to the energy beam-incident side. 

5. An optical information recording medium according to claim 1, wherein a reflecting layer is disposed at the side of 
said recording layer opposite to the energy beam-incident side. 
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6 ' *H if?' 03 ', informa1ion recordin 9 medium according to claim 5. wherein protective layer is disposed between said 

7 - 2XEE ^Tu^Ti^^r t0 claim * Mn ,ayer is disposed at the ~» 

8 ' £ °^ iCal , ,nlbnn * ,on --ecordino medium according to claim 5, wherein protective layer disposed between said 
recording layer and said reflecting layer has the thickness of 80 nm or more. 

9 ' Se^n^Se 1 ^eC0,di,19 aCCOrt,infl t0 ^ * C ' aimS 1 40 * Wherei n thiCkness * "** P rotective 

1 °' JT^SI inf0rmati0n reCOrdin9 medium aCCOrdina 10 claim 1 ' 2 - or 3 ' wherei " * a barrier material is either a nitride 
of the non-gas element or a oxynitride of the non-gas element. 

1 1 ' ^^^ZT^ 000 ^ 9 aCC ° rdinS t0 C ' aim 4 ' wherein ,he ^ ^te" 3 ' is e*er a nitride of the 

non-gas element or a oxynitride of the non-gas element. 

12 " ITLT^T reCOrdin9 m6dium aCCOrdin9 to claim 10 - wherein tne barrier ^rial is such material that 

amount of at least nitrogen or oxygen is less than a stoichiometric composition. 

13 ' ITl^fr reCOrdin9 m6diUm aCC ° rdin9 10 daim 11 ' wherein the ba ™ r ^rial is such material that 

amount of at least nitrogen or oxygen is less than a stoichiometric composition. 

14. An optical information recording medium according to claim 10, said gas element is any one of Ge, Sb, Si, Zr, Ti or 

1 5. An optical information recording medium according to claim 1 1 , said gas element is any one of Ge. Sb, Si, Zr, Ti or 

16 ' g^**™^™*^ 1 or 2, wherein said barrier material contains Ge-N or 

17 " 2ZS2 L^rfJr reCOrdi " 9 m6dium aCCOrdin9 to claim 16 ' wherein the ba ™ material is such material that 
amount of at least nitrogen or oxygen is less than a stoichiometric composition. 

* MESSED 

19. An optical information recording medium according to claim 18, wherein a density of said at least one element of 
Cr or Al ,s equal to or less than the density of said non-gas element component in said barrier ^ter^l 

2 °" w m °S!f' i! >rm i ti0rt re f^ d jT 9 m6dium aCCOrdine to daim t6 ' whef6in such ,a ^ containing barrier material is 
«w ^ f ^ * >-ki reCOrdin9 ' ayer ' and 9 Ge density in "*« ™« ial a * SSw 

21 ' ^T? a a i !. i K f0rmati0n / ea ? rdin9 mediUm accordin S to claim 1 «. herein the barrier material is Ge and the Ge den- 
sity in said barrier material is ranging from 35% to 90%. 

22. An optical information recording medium according to daim 21. wherein the Ge density in said barrier material at 
the energy beam-.nc.dent side of said recording layer is ranging from 35% to 60%. 

23. An optical information recording medium according to claim 21, wherein the Ge density in said barrier material at 
the s.de opposite to the energy beam-inoident side of saw recording layer is ranging from SSS% 

24. An optical information recording medium according to claim 21, wherein the Ge density in said barrier material at 
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the side opposite to the energy beam-incident side of said recording layer is ranging from 40% to 65% 

25. An optical information recording medium according to claim 16, wherein the composition of said barrio- material is 
one composition existing within a region surrounded by four composition points B1 (Gego.o. N 10 0 ), B4 (Ges3.4, N 3 3 , 

5 O13 3 ). G1 (Ge35 o. N 65 o), G4 (Ge$i i, N 13 8 , O55 in a three-element composition diagram whose vertices are 
Ge, N, O. 

26. An optical information recording medium according to claim 25, wherein composition of said barrier material at the 
energy beam-incident side of said recording layer is one composition existing within the region surrounded by four 

10 composition points D1 (Ge 60 .o. N40.0). D4 (Ge 48 .e. N 10 .2. O 410 ), G1 (Ge 350 . N 65 0 ), G4 (Ge 311 . N 138l O55.O in the 
three-element composition diagram whose vertices are Ge, N, O. 

27. An optical information recording medium according to claim 25, wherein composition of said barrier material at side 
opposite to the energy beam-incident side of said recording layer is one composition existing within the region sur- 

15 rounded by four composition points B1 (Gee^o, N 35 0), B4 (Ge^ 9 , N 9 2 , 0 36 9 ), F1 (Ge 42 . 9 . N 57 A ), F4 (Ge 35 5 , 
N 1 2.9. 0 51 s) in the three-element composition diagram whose vertices are Ge. N, O. 

28. An optical information recording medium according to claim 27, wherein composition of said barrier material at side 
opposite to the energy beam-incident side of said recording layer is one composition existing within the region sur- 

20 rounded by four composition points C1 (Ge 65 0 , N 35 q), C4 (Ge^.g, 0 36 9 ), F1 (Ge^.s. N 57 1), F4 (Ge 35 5 , 
N 1 2.9. O51 6 ) in the three-element composition diagram whose vertices are Ge, N, O. 

29. An optical information recording medium according to claim 1,2,3,or p 16, wherein a value n and a value k included 
in a complex refractive index n+ik of said barrier material are within the range of 1.7 £ n £ 3.8 and 0 £ k <* 0.8, 

25 respectively. 

30. An optical information recording medium according to claim 29, wherein the value n and the value k included in the 
complex refractive index n+ik of said barrier material are within the range of 1 .7 <, n £ 2.8 and 0 £ k £ 0.3, respec- 
tively. 

30 

31. An optical information recording medium according to claim 1 or 2, wherein a structure material of said recording 
layer is a phase-change material whose base is Te, Sb or Se. 

32. An optical information recording medium according to claim 31. wherein said phase-change material contains Ge- 
35 Sb-Te. 

33. An optical information recording medium according to claim 1, wherein material of said protective layer and said 
material is an optically transparent dielectric material, containing at least one element selected from such group of 
O, S and Se. 

40 

34. An optical information recording medium according to claim 1 ,2,or 3 wherein said barrier material contains either 
the nitride or oxynitride of at least one kind of element selected from such elements constituting said recording 
layer. 

45 35. An optical information recording medium according to claim 1 ,or 2 wherein said barrier material is a nitride of at 
least an element composing said recording layer or oxynitride of at least an element composing said recording 
layer. 

36. A method of producing an optical information recording medium comprising steps of a first step of forming a pro- 
50 tective layer or a barrier layer on a base substrate, a second step of forming on the protective or barrier layer ,a 

recording layer generating a reversible phase-change which can be optically detected according to an irradiation of 
an energy beam, or a barrier layer, and a third step of forming on the recording layer or the barrier layer of the sec- 
ond step .a protective layer , a recording layer or barrier layer , wherein said barrier layer or barrier layers are 
formed by a high-frequency sputtering method in an atmosphere containing at least rare gas by using such target 
as containing barrier material as main component. 

37. A method of producing an optical information recording medium according to claim 36, wherein a process of form- 
ing protective layer disposed at at least one side of said recording layer, includes such process of forming the pro- 
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38 ^25J ^S; 0 " 19 30 ° PfiCal medium «"*Q to claim 37 , wherein the target is made 

39. A method of producing an optical information recording medium according to claim 36 or 37 wherein said taraet is 

sstm £2S" d froni ?** Qroup a *** teraet ° f non - 9as «w« 01 *• kss Se 

c^nSZt ^ ^ 0nern ' 8 ° XynrtrWe ter9e1 ° f th6 TOn - 9a8 ™W* and an oxide target oTtne non S 

* a t?«Lif * y or forming process of the protective layer containing said barrier material is such process 
that a reactive sputtering is executed in atmosphere containing a mixed gas and said mixed coHSL aISS 

SIS^ ^ S T 8 ^ 9 nitr096n C ° mp0nent * 681(1 mixed ^ at 'easTraregl? gasSailg S 

gen component and gas containing an oxygen component. wwnaining nrtro 

41 " t^^t^K^ inf ° rmati0n r6COKlin9 m6dium aC ^ 9 to cIaim 36, wherein sa* rare gas con- 



S T ? "^TT r6C0TCiin9 mediUm aCC0 * in9 to c,aim 36 ° r 37 - w ^ 1" the process 
^ ™ n S ' deS reCOrd ' n9 layer said **™< layer or protective layer containing barrier material a 

,JS 1 PreSSUrS ' n 3 Sputter atmos P here BW when such .ayer at the energy beam-inridei sieTs form* 

en^aS 

43 ' ^S,w , ^° dUCin9 t an V*? information r6co * ir V according to claim 36. wherein a non-gas compo- 

i mate :K 15 Ge ' and ^ barrief ,ayer * raid Protective layer is formed by using a raS££J- 

termg method where said bamer material is used as a target. «*cuve spin 

44. A method of producing an optical information recording medium according to claim 43 wherein the material m c aM 
46. A method of producing an optical information recording medium according to claim 43 wherein the atmosoher* 
* f."T MW l 0 ' p ' 0<l " d . n » "t* 1 * 1 '""mason recording medium acceding to claim «. wrrerein a oower dene«» of 

49 - jsss Ksrssssr* mea,um — *■ m oata * — ■ — - - 

50. A method of producing an optical information recording medium according to claim 43. wherein a comolex refrao 
trve index value n + ,kof said barrier layer or said protective layer is within the range oH .JTT 1 3.8 SESSX 

51. A method of producing an optical information recording medium according to claim 36 or 37 wherein eairi tar,™, ■= 

merts constituting sari recording layer, a target of a nitride of said element, a target of mSSrtSm of 2d ell 
ment. or a target of an oxide of sakJ element, and the sputter atmosphere gas is ich JS^STmm and 
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gas containing nitrogen component, or such mixed gas of rare gas and gas containing nitrogen component and gas 
containing oxygen component. 

52. A method of producing an optical information recording medium according to claim 36 or 37, wherein said target is 
5 a target of material for forming said recording layer, a target of a nitride of material for forming said recording layer 

, a target of an oxynrtride of material for forming said recording layer , or a target of an oxide of material for forming 
said recording layer , and the sputter atmosphere gas is such mixed gas of rare gas and gas containing nitrogen 
component, or such mixed gas of rare gas and gas containing nitrogen component and gas containing oxygen 
component. 

10 

53. A method of producing an optical information recording medium according to claim 36 or 37, wherein material of 
the target used for forming said barrier layer or protective layer containing said barrier material is same as that of 
the target used for forming said recording layer ,and at such time of starting and/or completing of said forming of 
said recording layer , a partial pressure of gas containing nitrogen component in the sputtering atmosphere gas is 

is increased , or a partial pressure of gas containing oxygen component in the sputtering atmosphere is increased. 

54. A method of recording/erasing/reproducing an optical information 

wherein recording reproducing and erasing information on the optical information recording medium according to 
claim 1 by irradiating laser beam with controlling power of the laser beam. 

20 

55. A method of recording/erasing/reproducing an optical information , wherein an optical information recording 
medium provided with a recording layer generating a reversible phase-change which can be optically detected 
according to an irradiation of an energy beam, a barrier layer and a protective layer on a substrate is used, 

25 when a signal is recorded and overwritten to said recording layer, an irradiation power of said laser beam is 

modulated between an amorphization power level having a relatively larger irradiation energy and a crystalli- 
zation power level having relatively less irradiation energy according to an information signal, and said record- 
ing layer is irradiated with the modulated laser beam, and an amorphous state portion and crystalline state 
portion are selectively formed; 

30 when the signal of said recording layer is erased, the irradiation power of said laser beam is set to said crys- 

tallization power level which changes said recording layer into the crystalline state; 

when the signal of said recording layer is reproduced, the irradiation power of said laser beam is irradiated to 
said recording layer with the power level less than said crystallization power level and with a reproducing power 
level in such a manner that at least said recording layer is not changed, and by utilizing an optical characteristic 
35 difference according to a phase change between the amorphous state and the crystalline state ,a light strength 

of a reflecting light or a transmitted light from said recording layer is detected, thereby a state of said recording 
layer is detected; 

wherein said barrier layer of said optical information recording medium has such barrier material that 
can suppress diffusion of either an element of said recording layer or an element of said protective layer, and/or 
40 can suppress chemical reaction of any element of said recording layer and any element of said protective layer, 

and said barrier layer is formed between either side of said recording layer and said protective layer, or formed 
between each of both sides of said recording layer and said protective layers. 

56. A method of recording/erasing/reproducing an optical information according to claim 55, wherein material of said 
45 protective layer of said optical information recording medium has barrier material as a main component. 

57. A method ol recording/erasing/reproducing an optical information according to claim 55,or 56 wherein said barrier 
material contains Ge-N or Ge-N-O. 
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Claims: 

n> An optical information recording medium 
comprising 

a barrier layer comprising a barrier material, 
a protective layer disposed at one side of said barrier 
layer ? and 

a recording layer generating a reversible 
phase-change which can be optically detected 
according to an irradiation of an energy beam , 
said recording layer being disposed at the 
other side of said barrier layer; and wherein 
said barrier layer suppresses a diffusion 
of at least either an element of said 
recording layer or an element of said 
protective layer, and/or said barrier layer 
suppresses a chemical reaction between an 
element of said recording layer and an element 
of said protective layer - 

2. An optical information recording medium 

according to claim 1, wherein said protective 
layer contains barrier material as a main 
component • 

3. An optical information recording medium according to 
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claim 1, wherein said either protective layer consists of 
barrier material. 

4. An optical information recording medium 
according to claim 1,2 ,or 3 r wherein said 
recording layer is between protective layers 
containing barrier material , between said 
barrier layer ,or between said barrier layer and 
protective layer containing barrier material and 
when said barrier material is represented by M a X b 
(where, M denotes a single non-gas element or a 
compound of a plurality of different non-gas 
elements, and X denotes a single gas element or 
a compound of a plurality of different gas 
elements), a value b/(a+b) of the barrier 
material of said recording layer existing at the 
energy beam-incident side is larger than that of 
the barrier material existing at the side 
opposite to the energy beam-incident side. 

!T. An optical information recording medium 
according to claim 1, wherein a reflecting layer is 
disposed at the side of said recording layer opposite to 
the energy beam- incident side. 



- 106- 



i 



THIS PAGE BLANK PJSPTO) 



An optical information recording medium 
according to claim 5, wherein protective layer is disposed 
between said reflecting layer and said recording layer and 
said protective layer whose main component is barrier 
material has a thickness of 60 nm or less. 

7. An optical information recording medium 
according to claim 6, wherein barrier layer is disposed 
at the energy beam-incident side surface of said recording 



layer , 



8. An optical information recording medium 

according to claim 5, wherein protective layer 
disposed between said recording layer and said 
reflecting layer has the thickness of 80 nm or 



more. 



9 . An optical information recording medium according to 
any one of claims 1 to 8, wherein thickness of said 
protective layer is 1 nm or more. 

10 . An optical information recording medium according to 
claim 1,2, or 3, wherein the barrier material is either a 
nitride of the non-gas element or a oxynitride of the 
non— gas element. 
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11 . An optical information recording medium according to 
claim 4, wherein the barrier material is either a nitride 
of the non-gas element or a oxynitride of the non-gas 
element . 

12. An optical information recording medium according to 
claim 10 , wherein the barrier material is such material 
that amount of at least nitrogen or oxygen is less than 
a stoichiometric composition • 

13 . An optical information recording medium according to 
claim 11, wherein the baxrier material is such material 
that amount of at least nitrogen or oxygen is less than 
a stoichiometric composition • 

14 . An optical information recording medium according to 
claim 10 , said gas element is any one of Ge, Sb, Si, Zr, 
Ti or Al. 

TS • An optical information recording medium according to 
claim 11, said gas element is any one of Ge, Sb, Si, Zr, 
Ti or Al. 

1<T. An optical information recording medium according to 
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claim 1 or 2/ wherein said barrier material contains Ge-N 
or Ge-N-O. 

17". An optical information recording medium according to 
claim 16, wherein the barrier material is such material 
that amount of at least nitrogen or oxygen is less than 
a stoichiometric composition. 

18. An optical information recording medium according to 
claim 1 ,2, 3, 4, 10, 12, or 16 wherein said barrier 
material contains at least one element of Cr or Al as 
additive . 

19 . An optical information recording medium according to 
claim 18, wherein a density of said at least one element 
of Cr or Al is equal to or less than the density of said 
non-gas element component in said barrier material ♦ 

2:0. An optical information recording medium according to 
claim 16, wherein such layer containing barrier material 
is formed on the surfaces at both sides of said recording 
layer, and a Ge density in said barrier material at the 
energy beam- incident side is equal or less than the Ge 
density in said barrier material at the side opposite to 
the energy beam- incident side. 
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21. An optical information recording medium according to 
claim 16 , wherein the barrier material is Ge and the Ge 
density in said barrier material is ranging from 35% to 
90%. 

22 . An optical information recording medium according to 
claim 21 f wherein the Ge density in said barrier material 
at the energy beam-incident side of said recording layer 
is ranging from 35% to 60%. 

23.. An optical information recording medium according to 
claim 21 , wherein the Ge density in said barrier material 
at the side opposite to the energy beam- incident side of 
said recording layer is ranging from 40% to 90% 

24 . An optical information recording medium according to 
claim 21 , wherein the Ge density in said barrier material 
at the side opposite to the energy beam-incident side of 
said recording layer is ranging from 40% to 65% 

25, An optical information recording medium according to 
claim 16 , wherein the composition of said barrier 
material is one composition existing within a region 
surrounded by four composition points Bl (Ge 9(K0 , 
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„„;,,. B4 «3e„,. 0 U ..). 01 <<*,,.. ».,..) • «♦ C«.«. 

Ba „ o^) in a three-elem^t composition diagram whose 



vertices 



are Ge, N, O. 



26 An optioal information recording medium according to 
' clai» 25 , wherein composition of said barrier material 
at the energy beam-incident side of said recording 
la yer is one composition existing within the region 
surrounded by four composition points Dl (Ge„.„. »....) - 

D 4 (Ge...., ««..). « < G6 "" "«>' G4 (Ge " " 

o , in the three-element composition diagram whose 

vertices are Ge, N, 0. 

27 . An optical information recording medium according to 
clais. 25. wherein composition of said barrier material at 
side opposite to the energy beam-incident side of sard 
recording layer is one composition existing within the 
region surrounded by four composition points Bl (Ge„... 

„„„>. B4 <Ge 5 ,„ »,.,. 0„.,)- « F " (Ge »" 

0„,, in the three-element composition diagra* whose 
vertices are Ge, N, O. 

28 . An optical information recording medium according to 

. . . „ ^£ eaid barrier material at 
claim 27 , wherein composition of said Barn 

... fh P enerav beam- incident side of said 

side opposite to the energy ^ 
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recording layer is one composition existing within the 
region surrounded by four composition points Cl (Ge 650 , 
N35.0). C4 (Ge 53 . 9 , N 9 . 2 , 0 36 . 9 ), Fl (Ge 42 . 9 , K 5 i.i) < F4 (Ge 35 . 5 , 
N 12 9 , 0 51>6 ) in the three-element composition diagram whose 
vertices are Ge, N, O. 

2<T. An optical information recording medium according to 
claim 1 , 2 , 3 , or , 1 6 , wherein a value n and a value k included 
in a complex refractive index n+ik of said barrier material 
are within the range of 1.7 < n < 3.8 and 0 < k < 0.8, 
respectively. 

30 . An optical information recording medium according to 
claim 29, wherein the value n and the value k included in 
the complex refractive index n+ik of said barrier material 
are within the range of 1.7 < n < 2.8 and 0 < k < 0.3, 
respectively. 

31. An optical information recording medium according to 
claim 1 or 2, wherein a structure material of said 
recording layer is a phase-change material whose base is 
Te, Sb or Se. 

tT. An optical information recording medium according to 
claim 31, wherein said phase-change material contains 
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Ge-Sb-Te. 

33 . An optical information recording medium according to 
claim 1, wherein material of said protective layer and said 
material is an optically transparent dielectric material, 
containing at least one element selected from such group 
of O, S and Se. 

34 . An optical information recording medium according to 
claim 1,2 ,or 3 wherein said barrier material contains 
either the nitride or oxynitride of at least one kind of 
element selected from such elements constituting said 
recording layer ♦ 

35. An optical information recording medium according to 
claim l,or 2 wherein said barrier material is a nitride 
of at least an element composing said recording layer 
or oxynitride of at least an element composing said 
recording layer. 

^3$f A method of producing an optical information recording 
medium comprising steps of a first step of forming a 
protective layer or a barrier layer on a base substrate , 
a second step of forming on the protective or barrier 
layer ,a recording layer generating a reversible 
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phase-change which can be optically detected according 
to an irradiation of an energy beam, or a barrier layer, 
and a third step of forming on the recording layer or 
the barrier layer of the second step ,a protective 
layer , a recording layer or barrier layer , wherein 
said barrier layer or barrier layers are formed by a 
high-frequency sputtering method in an atmosphere 
containing at least rare gas by using such target 
containing barrier material as main component. 

Tf -A method of producing an optical information recording 
medium according to claim 36, wherein a process of forming 
protective layer disposed at at least one side of said 
recording layer, includes such process of forming the 
protective layer by a high-frequency sputtering method in 
an atmosphere containing at least rare gas by using such 
target containing barrier material as main component. 

38. A method of producing an optical information recording 
medium according to claim 37 , wherein the target is 
made by barrier material . 

39 . A method of producing an optical information recording 
medium according to claim 36 or 37, wherein said target 
is at least one kind selected from such group of single 
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target of non-gas component of the barrier material , a 
nitride target of the non-gas component , a oxynitride 
target of the non-gas component, and an oxide target of 
the non-gas component. 

WS. A method of producing an optical information 
recording medium according to claim 36 or 37, wherein 
forming process of the barrier layer or forming process 
of the protective layer containing said barrier material 
is such process that a reactive sputtering is executed in 
atmosphere containing a mixed gas , and said mixed gas 
contains at least rare gas and gas containing nitrogen 
component or said mixed gas contains at least rare gas , 
gas containing nitrogen component and gas containing an 
oxygen component. 

41. A method of producing an optical information 
recording medium according to claim 36, wherein said rare 
gas contains at least Ar and /or Kr. 

42. A method of producing an optical information recording 
medium according to claim 36 or 37, wherein in the 
process of forming at both sides of said recording layer 
said barrier layer or protective layer containing 
barrier material , a nitrogen partial pressure in a 
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sputter atmosphere gas when such layer at the energy 
beam-incident side is formed is higher than a nitrogen 
partial pressure in a sputter atmosphere gas when such 
layer at the side opposite to the energy beam-incident 
side is formed. • 

43. A method of producing an optical information 
recording medium according to claim 36, wherein a non- 
gas component of said barrier material is Ge, and said 
barrier layer or said protective layer is formed by using 
a reactive sputtering method where said barrier material 
is used as a target. 

44,. A method of producing an optical information 
recording medium according to claim 43, wherein the 
material of said target is at least one selected from such 
group of a Ge 3 N 4 compound, a GeO compound, a GeO z compound, 
a Ge 3 N 4 -GeO mixture, or a Ge 3 N 4 -Ge0 2 mixture. 

45. A method of producing an optical information 
recording medium according to claim 43, wherein said 
reactive a puttering is carried out in the atmosphere gas 
whose total pressure is ranging 1 mTorr to 50 mTorr. 

46. ' A method of producing an optical information 
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recording medium according to claim 43, wherein the 
atmosphere gas of said reactive sputtering is a mixed gas 
containing at least rare gas and N 2 , and a partial pressure 
ratio of the N 2 is more than 10% and less than 66%. 

47. A method of producing an optical information 
recording medium according to claim 46, wherein said 
partial pressure ratio of N 2 is more than 10% and less than 
50%. 

48. A method of producing an optical information 
recording medium according to claim 43, wherein a power 
density of said reactive sputtering is higher than 1.27 
Won 2 , and the sputter atmosphere contains a mixed gas of 
at least rare gas and N 2 . 



49. A method of producing an optical information 
recording medium according to claim 45, wherein a sputter 
rate of said reactive sputtering is more than 18 nm/minute. 

50. A method of producing an optical information 
recording medium according to claim 43, wherein a complex 
refractive index value n+ik of said barrier layer or said 
protective layer is within the range of 1.7 < n < 3.8 and 

0 < k < 0.8. 
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ST. A method of producing an optical information 
recording medium according to claim 36 or 37, wherein said 
target is a single target of one element among elements 
constituting said recording layer , a target of compound 
of said elements constituting said recording layer, a 
target of a nitride of said element, a target of an 
oxynitride of said element, or a target of an oxide of said 
element, and the sputter atmosphere gas is such mixed gas 
of rare gas and gas containing nitrogen component, or such 
mixed gas of rare gas and gas containing nitrogen component 
and gas containing oxygen component. 

52. A method of producing an optical information recording 
medium according to claim 36 or 37, wherein said target 
is a target of material for forming said recording 
layer, a target of a nitride of material for forming 
said recording layer , a target of an oxynitride of 
material for forming said recording layer , or a target 
of an oxide of material for forming said recording 
layer , and the sputter atmosphere gas is such mixed 
gas of rare gas and gas containing nitrogen component, 
or such mixed gas of raxe gas and gas containing 
nitrogen component and gas containing oxygen 
component . 
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§"£ A method of producing an optical information recording 
medium according to claim 36 or 37, wherein material 
of the target used for forming said barrier layer or 
protective layer containing said barrier material is 
same as that of the target used for forming said 
recording layer ,and at such time of starting and/or 
completing of said forming of said recording layer , 
a partial pressure of gas containing nitrogen component 
in the sputtering atmosphere gas is increased , or a 
partial pressure of gas containing oxygen component in 
the sputtering atmosphere is increased. 

" ' A method of recording/erasing/reproducing an optical 



information 

/ wherein recording , reproducing and erasing information on 
the optical information recording medium according to 
claim 1 by irradiating laser beam with controlling power 
of the laser beam. 

55 . A method of recording/erasing/reproducing an optical 
information , wherein an optical information 
recording medium provided with a recording layer 
generating a reversible phase-change which can be 
optically detected according to an irradiation of an 
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energy beam, a barrier layer and a protective layer on a 
substrate is used, 

when a signal is recorded and overwritten to said 
recording layer, an irradiation power of said laser beam 
is modulated between an amorphization power level having 
a relatively larger irradiation energy and a 
crystallization power level having relatively less 
irradiation energy according to an information signal, and 
said recording layer is irradiated with the modulated 
laser beam , and an amorphous state portion and crystalline 
state portion are selectively formed; 

when the signal of said recording layer is erased, 
the irradiation power of said laser beam is set to said 
crystallization power level which changes said recording 
layer into the crystalline state; 

when the signal of said recording layer is 
reproduced, the irradiation power of said laser beam is 
irradiated to said recording layer with the power level 
less than said crystallization power level and with a 
reproducing power level in such a manner that at least said 
recording layer is not changed, and by utilizing an optical 
characteristic difference according to a phase change 
between the amorphous state and the crystalline state ,a 
light strength of a reflecting light or a transmitted light 
from said recording layer is detected, thereby a state of 
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said recording layer is detected; 

wherein said barrier layer of said optical 
information recording medium has such barrier material 
that can suppress diffusion of either an element of said 
recording layer or an element of said protective layer, 
and/or can suppress chemical reaction of any element of 
said recording layer and any element of said protective 
layer , and said barrier layer is formed between either side 
of said recording layer and said protective layer, or 
formed between each of both sides of said recording layer 
and said protective layers* 

56. A method of recording/erasing/reproducing an optical 
information according to claim 55 , wherein material 
of said protective layer of said optical information 
recording medium has barrier material as a main 
component • 



57* A method of recording/erasing/reproducing an optical 
information according to claim 55, or 56 wherein said 
barrier material contains Ge-N or Ge-N-O. 



-121- 



